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AN INSPECTOR 
AT EVERY _2 
WORKBENCH® 


ee amon of fire alarm apparatus presents a different man- 
ufacturing problem from most other pieces of mechanism. Auto- 

mobiles, engines and other apparatus are in use fairly constantly 
and defects usually are discovered before serious conditions arise. 
Fire alarm apparatus on the contrary is not subject to continuous 
test. A box is installed on the street and may not be used for 
months. When it is used, however, it must function properly 
because failure may result in the loss of millions of dollars or the 
sacrifice of a number of lives. 


@ Fire alarm manufacture is highly specialized and a good workman usually 
stays with us for many years. These men appreciate the responsibility that 
rests on the apparatus which they build and each man is virtually an inspector 
of his own work and the work that has been previously done. It is this type of 
workmanship that has given us the confidence of the fire department officials 
all over the country and has resulted in Gamewell Systems being installed in 
the great majority of cities throughout the country. 


THE GAMEWELL COMPANY 


NEWTON UPPER FALLS, MASS. 
FIRE AND POLICE SIGNALING SYSTEMS 
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Through Earthquake and Fire 


This Otis Elevator stands amid the Ruins of the SAGA MryA DRAPERY STORE in YOKOHAMA 


Engineering Experience of over seventy years in 
Vertical Transportation is at your Service 


SOFIE S+«+EBLE Va TC 8 6 Goer ae 2 
Offices in All Principal Cities of the World 
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Yefore Alternating 
J Current Domina- 
ted the Electrical 
Industry 4 4 4 


What Engineering Owes 
to the Far-Sightedness 
of George Westinghouse 


HE impregnable position now occupied by alter- 
nating current was attained only after a bitter 
struggle, for, due to its supposedly deadly character- 
istics, practically the entire electrical fraternity once 
opposed the progress of what was generally referred 
to as ‘“‘Westinghouse Current.” 

Gaulard and Gibbs originated the alternating current sys- 
tem in Europe. Their system was impractical in many 
respects, but had been used with some success for lighting. 

George Westinghouse became interested, and immediately 
recognized that the weakness of their system lay in the design 
and principles governing the transformer. 

He devoted the resources of his organization to the develop- 
ment of the transformer. When he made it a practical unit, 
alternating current, with its vast commercial advantages, 
then became possible. 

The beginning of the bitter struggle by George Westing- 
house for the supremacy of alternating current goes back to 
1885 and 1886. Remarkable progress has been made since then 
and voltages as high as 220,000 are in commercial use today. 

Engineering owes much to the far-sightedness and fighting 
qualities of George Westinghouse. 





5 wa 
The pathways of power are 
the highways of progress 


Westinghouse 
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ROLLER» 


Greater simplicity and reduced 
weight are fundamentals of me- 
chanical refinement. The constant 
tendency toward simpler, lighter 
machinery of all kinds is accel- 
erated by the ever-increasing 
use of Timken Tapered Roller 
Bearings. 


Their design is inherently adapted 
for Dual-Duty — the carrying of 
radial loads and thrust loads and 
resultant loads simultaneously. 
By taking advantage of this multi- 
ple ability of Timkens the designing 
engineer avoids much more com- 
plicated construction otherwise 
needed to do the work. With Tim- 
kens he immediately reduces the 
number of parts and consequently 
he eliminates excess weight. 





CPe 


EARINGS 


And since the Timken principle 
also permits greatest load to be 
carried per unit of space required, 
Timken mountings are most com- 
pact, so that housings are smaller. 


When any one housing or unit may 
be made smaller and lighter, all 
related parts in turn may be sim- 
ilarly refined. Thus Timkens, in 
themselves a refinement, favorably 
influence the entire mechanism in 
which they are used. 


And Timken influence in bettering 
a machine never ceases, because 
when that wear which eventually 
must follow motion does come, its 
deteriorating effects need not be 
tolerated in Timken-equipped 
mechanisms. Timkens can be ad- 
justed to function as when new. 


The Timken Roller Bearing Co 
CANTON, OHIO 
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THE ENGINEERING SALESMAN 


By E. H. SNIFFIN 


In Charge of Central Station Business, Westinghouse Electric and Manufacturing Company 


HAT is the engineering student 

VW going to do when he leaves 

college? What is to be his 
career? Why has he studied engineer- 
ing? Is the engineering profession his 
objective, or does the field of business 
present the most attractive possibilities 
in which engineering knowledge and 
engineering training will be of value to 
him? If these questions could be pon- 
dered and answered, and answered 
correctly by the graduate, how many 
tragedies would be spared us of men 
starting on the wrong career, of being 
misplaced. Many a good engineer has 
been spoiled in attempting to be 
something else, and many a man has 
remained in engineering work who had 
the talent for greater world service 
in another direction. 

There have perhaps been more 
mistakes made in the field of selling 
than in any other occupation. That 
is the average man looks upon selling 
not as a profession in itself, requiring 
very definite qualities of character, 
personality and temperament, but 
rather as perhaps the most pleasant 
occupation he could think of. For 
want of doing something else, he 
thinks he could sell. He likes the 
idea of traveling around the country, 
meeting various people, stopping at 
good hotels and, in general, occupying 
himself with the social side of business 
life. And it is due to this wrong 
conception of selling work and to the 
fact that so few people realize what 
the requirements of a good salesman 
are, that the percentage of real sales- 
men is so small. It is a fact that 
the managements of our large indus- 
trial organizations admit very freely 
that, among their various branches of 
service, the good salesman is the hardest 
man to find. 

Are you a salesman? 
very pertinent question. 


That is a 
You either 





* Note: The second of a series of four articles con- 
tributed by Westinghouse Electric and Manufacturing 
Company in the hope that the information presented may 
be helpful to engineering undergraduates in analyzing 
themselves in relation to the engineering profession. 





are or you are not. If you have the 
inherent ability, then you will need 
much training and much experience 
to reach your full size. When you 
sell, you are dealing with men, not 
with things. Every man you meet 
will be different from every other. 
You will not be dealing with a con- 
crete problem involving known sub- 
stances, weights and dimensions, but 
you will be dealing with human 
nature in all its myriad forms, with a 
wide field before you in which to 
exercise your imagination and your 
resource. The result will always be 
uncertain, but you must be fond of 
this “game of chance’’, so to speak — 
the game of getting men to do what 
you want them to do. The books 
are full of precepts on salesmanship, 
but one thing they fail to say is, that 
unless you have that love for the 
chase, that houndlike instinct for going 
out and getting the order, knowing 
how to win, and also how to lose, 
feeling the tremendous lure of the 
uncertainty of it all, then you will 
remain in the rut of mediocrity, and 
although you may be called a sales- 
man, yet you will be nothing of the 
kind. What was it the Man of Galilee 
said to Peter and Andrew when He 
wanted them to be his disciples? 
They were fishermen. He said, “I 
will make you fishers of men”. What 
He meant was that He had certain 
great convictions that were to be im- 
planted in the hearts and minds of 
mankind, and He wanted men who 
could go out and plant those convic- 
tions. And these men, believing in 
their product, and thrilled with their 
mission, went out and fished for men, 
just as a real salesman does today. 
And they had good preparation for 
their exalted salesmanship. They had 
been fishermen. Everyone who fishes, 
or tries to catch fish, is not a fisher- 
man. How many people there are 
who try it! They fish for awhile, 
have little or no luck, reel in their 
lines and start for shore. Your real 
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fisherman hangs on; tries one lure 
after another; fishes at different depths; 
floats over a shoal and then across a 
weed-bed; works the boat close to a 
sunken rock, studying the habits 
of the fish, having the time of his life 
even when he catches nothing. But 
he is the man who brings in the fish. 
That is the way a real salesman goes 
about his work. He loves to sell. 
Defeat doesn’t make him sore, doesn’t 
make him dislike people. The harder 
they come, the better he likes them. 
And when he gets them, oh boy! 

We are speaking of the spirit of 
selling, for if the spirit isn’t there, 
you had better keep out of it. The 
salesman was once the fakir in the 
bazaar, the trickster. Caveat emptor, 
let the buyer beware, was the phi- 
losophy of his calling. And even yet 
we sometimes think of the salesman. 
as a slick gentleman whom we must 
be careful to watch. Well, if he 
gives you that impression, he is no 
salesman at all. And don’t you ever 
try to be a salesman yourself unless 
that truth is in you. You must 
believe in the thing you are selling; 
first buy it yourself before you can 
sell it to others. And your work of 
selling is a work of dignity. Make 
it so. You are your company’s voice. 
Don’t forget that. A serious-minded, 
good-natured, optimistic, enthusiastic, . 
imaginative man — that’s what the 
salesman should be. 

But few words are required. on the 
mental qualities of the salesman, and 
on his character and moral qualities. 
It goes without saying, that he cannot 
get very far if people question his 
character or if his moral fibre is at all 
weak. He is in contact with all kinds of 
people, under many different conditions. 
His working hours are of necessity 
irregular. He is away a good deal 
and somewhat removed from the 
orderly processes of community life. 
Compared with the man who travels 
to and from his work at fixed hours, - 

(Continued on page 380) 
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RELATION OF STUDENT TO INSTRUCTOR 


By PROFESSOR L. MAGRUNDER PASSANO 


Associate Professor of Mathematics, Massachusetts Institute of Technology 


so often used in our mathematics 

classes, the relation of teacher to 
student at the Institute, or anywhere, 
may be written as a formula — not in 
“the manual”’: teacher: student:: xy: 
and, of course, having a formula for it 
we know all about it. The only trouble 
is that our formula contains two 
unknowns, x and y, and unless we can 
determine them in some way our 
formula tells us nothing. 

What is x and what is y? It would 
seem that x is all the qualities or 
characteristics, physical, mental and 
moral, of the average or composite 
teacher; y those of the average or 
composite student. The problem is 
not as simple as the formula would 
make it appear. Perhaps it would be 
well to drop the formula and use our 
reason and our common sense, which 
suggest to us.at once that x and y are 
pretty much the same thing. 

The teacher and the student are 
both human beings, though the one 
may have more of the experience and 
wisdom that come with age, and the 
other more of the intuition and enthu- 
siasm that appertain to youth. The one 
may have, I say; for the “freshman” 
is not unknown — at Tech and else- 
where — marked by all the gravity 
and decorum of old age, nor the elderly 
professor — also at Tech and else- 
where — marked by the giddy exuber- 
ance of youth. Still, in every case, are 
they human beings. As St. Paul says: 
“We also are men of like passions 
with yourselves, who preach unto you 
in peace and earnestness”; though if 
you take the trouble to look up the 
quotation you will find that Paul’s 
remark was occasioned by treatment 
not often accorded to the teacher. 

So the student and the teacher are 
both men; I do not say men and 
brothers. I do not much believe in 
brotherly love for all the world. Love 
spread over such a broad surface 
would be pretty thin stuff. So when 
I hear a teacher talk of his affection 
for the five or ten thousand students 
who have sat under him, I can only 
answer, “‘nonsense.”’ Even if he call 
his feeling friendship I should be apt 
to make the same reply. Friendship 
is so deep a feeling and so closely 
related to love that one can extend it 
to but few. 

I do not much believe in brotherly 
love, but I do believe in courtesy to 
everyone; and back of courtesy, which 
implies tolerance, good will, which 
implies fair play. And there is no 
reason why mutual good will should 
not give us, teacher and student. good 


I’: we use the word relation as it is 


understanding and good fellowship. 
The foundation of the _ relation 


between student and teacher should 
be good will and fair play. Both are 
working to the same end. The educa- 
tion of the younger generation in 








THE TECHNOLOGY SERIES 


Last yar THE TECH ENGINEER- 
ING NEWS published a series of articles 
on the buildings, laboratories and business 
administration of the New Technology. 
This series met with such widespread 
approval among our readers that we are 
continuing the idea this year. Our new 
series will be of a slightly different char- 
acter, dealing with the great personalities 
and the more human side of the Institute. 
As our space limits us to only a bare 
outline of the subject, it is hoped that the 
new series will serve as an inspiration to 
Jurther reading along this line. The topics 
which the series will cover are as follows: 

















THE FOUNDERS OF THE INSTI- 
EL re erin October 
Prof. H. W. Tyler, Head of the Depart- 
ment of Mathematics. 










FRANCIS AMASA WALKER 
Se EEE nT ee November 
J. P. Munroe, Secretary of the Corpora- 
tion, M. I. T. 


RICHARD COCKBURN MACLAURIN 
Bia see aetacas ore ant aee enaTeE December 
Harold Eric Kebbon, Architect. 









A HISTORY OF THE SOCIETY OF 
ARTS January 
Prof. H. M. Goodwin, Department of 
Physics. 


A HISTORY OF THE DEPARTMENT 
OF ARCHITECTURE..... February 
Prof. William Emerson, Head of the 
Department of Architecture. 











RELATION OF INSTRUCTOR TO 
STUDENT AT TECHNOLOGY 

Sioa iaraialaicie Chasers stead wstatsrateietons March 

Prof. L. M. Passano, Department of 

Mathematics. 








A HISTORY OF THE DEAN’S 
IE so wc oR igcbuiwo maces April 
Author to be announced later. 








GREAT GATHERINGS AT TECH- 
hte Sic i Cae a oe pre ner May 
Author to be announced later. 






order that knowledge may increase 
and civilization progress; in order 
that the holy spirit of man may be 
helped onward toward perfection. And 
if teacher and student work together 
to that end both will learn and both 
will teach. 

Both are working at the same job. 
Each is at an end of a two-man saw. 


Each in turn must push and pull in 
order to “saw wood.” If there is not 
good will and fair play between them, 
if either hold back when he ought to 
push or pull, not only will the log be 
sawn but the blade of the saw will be 
bent. Even if they work with good 
will and fair play the saw blade may 
grow hot and balk in the groove. 
Then a strip of bacon rind run along 
the blade makes the going easy and 
smooth. So courtesy lubricated the 
wheels and tools of the educational 
“machine. ”’ 

On the whole at the Institute I am 
sure that both teachers and students 
believe in and show each other good 
will, fair play and courtesy. Even 
the student who came into my office 
with his hat on and asked me if 
““Passano”’ was in, I am sure had all 
the good will in the world toward me, 
and — he did not do it a second time. 
And the teacher who wanted to give 
a student FF in . . . because he wore 
his suspenders twisted was courteous 
in the extreme, and—he left the 
Institute. 

Why should there be ill will and 
unfairness between teacher and _ stu- 
dent? It would seem, as far as the 
records go, that in ancient times it 
was not so. Did the ill will arise from 
the envy of the monks when all teach- 
ing was in their hands; envy of the 
students’ unrestricted freedom? or 
was its cause the resentment of the 
suffering student in those times when 
the birch-rod and the cane held sway? 
In any case the antagonism, if any of 
it remains, is now merely traditional, 
and the Institute is not a place of 
many or ancient traditions. Why not, 
if I may be allowed to paraphrase the 
song, “Let old traditions be forgot and 
never called to mind’’? 

Of course any student may know 
teachers he hates and teachers he 
despises — I will not put the case the 
other way around — but is it only 
teachers for whom he has these feelings? 
And when he has such feelings towards 
a man, is it not because the man has 
shown him ill will, unfairness or dis- 
courtesy? Indeed, in many if not in 
most cases, it is imagined unfairness, 
due to misunderstanding, that causes 
the dislike; and such misunderstand- 
ing can be best avoided by teacher and 
student knowing each other better. 

Closer acquaintance and _ better 
knowledge can hardly be accomplished 
by the teacher. He can not seek out 
each individual student, but he can 
and does welcome the _ student’s 
approach to himself. He is interested 
in young men; he likes to know what 
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they are thinking and doing; from this 
he learns, as far as it is possible for him 
to know, what this world will be like 
when he is no more than the shadow 
of a shade, a memory in the minds and 
hearts of perhaps two or three. More- 
over, as the teacher grows older his 
friends and acquaintances drop off 
one by one, and he has the hope that 
out of the multitude of young men he 
meets may be found a few whose 
friendships may replace the ones he 
has lost. Such friendships may also 
help the younger man. One of the 
best and truest friends I ever had was 
fifty years old when [I was but ten or 
twelve, and there is no more beautiful 
picture of human friendship than that 
of the old lama and his beloved 
disciple Kim. 

The lack of closer acquaintance 
between teacher and student is, it 
seems to me, one of the Institute’s 
greatest faults. The blame can not be 
laid upon any one thing. The large 
number of students, the environment, 
the widely scattered homes of the 
teachers and the pressure of work all 
must share the blame. But the blame 
must be borne in part by the students 
themselves in that they do not seek 
to know their teachers outside of the 
classroom. Perhaps they do not wish 
to know us. I can understand that. 
Perhaps they do not wish to know too 
much about themselves. I can under- 
stand that, too. But indeed both 
teacher and student lose much by such 
aloofness. 

It has been said I think — at least 
it is true — that really to know a man 
you must cruise with him in a small 
yacht. Well we can not all go cruising 
on the Basin but if the student now 
and then would smoke a pipe or a 
cigarette with the teacher in his office 

- not in the corridors — and chat with 
him forgetting their official relation, 
both could make some approach to 
knowing each other unofficially. If 
the student does not enjoy his first call 
he need not make a second, and on the 
other hand he may rest assured that 
the teacher will not let him interfere 
with more pressing affairs. Nor need 
the Dean’s office fear that the Insti- 
tute’s work will degenerate into a sort 
of old-fashioned New Year’s Day 
when everybody called on everybody 
else. That custom needed ‘“stimula- 
tion” and, rumor to the contrary not- 
withstanding, I believe the offices at 
lech are entirely free of “stimulation.” 

There is a description of one such 
call, an unintentional one, a call 
unsolicited and unsought, in the 
greatest book in the world. You will 
remember that Alice, in her interview 
with “Professor” Caterpillar, repeats 
at his command the old poem, “ You 
Are Old, Father William;” but, being 
already rattled by his quizzing, says 
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it “wrong from beginning to end,” 
as he tells her decidedly. Moreover, 
made forgetful by nervousness no 
doubt, she omitted two stanzas which 
in consequence have appeared in no 
edition of the wonderful book of her 
adventures that I have seen; stanzas 
of such force and beauty that I quote 
them here: “You are old,” said the 
youth; “there you sit in your nook, 
with expression as blank as a rabbit’s, 
never casting so much as a glance at a 
book. What gave you such singular 
habits?” ‘“ ‘In my youth,’ said his 
father, ‘I studied at school: with my 
teacher I warred to the knife; and the 
hatred I felt for that bigoted fool has 
lasted the rest of my fool life’.”’ 

Father William may have been 
justified in his youthful hatred, but 
from what I know of his record since 
I have my doubts. And think in what 
a deplorable condition his hatred and 
warfare to the knife left him in his old 
age! Less warfare and more tolerance 
would have been much better for him 
and so much easier for his nameless 
teacher. 

You will observe — of course you 
have read the book — not only that 
Alice treated “Professor” Caterpillar 
with respectful courtesy and obedience, 
but also that she was a “student” 
who possessed two qualities of inestim- 
able value: a sense of humor, and, 
if I may be allowed so to express it, a 
sense of good humor. And I would 
particularly call your attention to the 
fact that in the end by obedience she 
got exactly the information she wanted 
from the caterpillar. So if Professor A 
tells you in caterpillarian tones to 
hand in seven and one-half problems, 
on pink paper, ruled with purple ink, 
at exactly twenty-four minutes past 
eleven, on Friday the thirteenth, do it. 
He may have a reason for the assign- 
ment. You can have any thoughts 
you please about the matter, and can 
smile — courteously, after your back 
is turned — because it is humorous 
and you are good humored. 

Thus if teacher and student will try 
to know each other; if, in their deal- 
ings with each other, they will have 
tolerance, humor, and good humor; 
if between them is good will, fair 
play, and courtesy; then the relation 
between student and teacher at Tech 
will become — very much what they 
actually are at Tech; not perfect, 
indeed, but at least securely based on 
the cardinal virtues of educational as 
of all friendly human intercourse. 

I am not sure, but I think we have 
found our « and y, and have solved our 
problem without a formula. I need 
hardly remark in closing that all I have 
said applies only to students who come 
to the Institute to learn. For those 
who come to avoid learning, as the poet 
says ““There is no place like home.’’ 


America’s Supremacy in the Dye 
Industry. The supremacy of the 
United States over Germany in the 
dye industry is borne out by the fact 
that we now produce 93.5 per cent of 
the dyes actually used in this country. 
Although it is still necessary for us to 
import the remainder from Germany 
and Switzerland, which represents only 
the latest developments of the dye 
industry in these two countries, there 
is every indication that eventually 
the United States will supply most 
of the dyes to the world. 

Before the war Germany had done 
more scientific research along this 
line than any other country, and was 
actually the home of the dye industry. 
When the war shut off the foreign 
dyes we were compelled to fall back 
upon our own resources with the 
result that now not seven per cent of 
the dyes used are of foreign manu- 
facture. — Journal of the’ Franklin 
Institute. 


oo chug + 


Oil Fuel for Domestic Heating. 
The burning of fuel oil for domestic 
use has been on the decline on the 
Pacific Coast. Most of the manu- 
facturers have discontinued making 
burners for the use of oil on a small 
scale believing that they are too 
expensive for the average home owner 
to install. While fuel oil is obtainable 
on the Coast, it is difficult to get 
sufficient quantities in the interior of 
the states, it often being necessary 
to contract for several years’ supply in 
order to get tank wagon delivery. 
Rotary burners of small enough 
capacity for home use have not been 
satisfactory, and the average man 
knows little or nothing of the mechan- 
ics of the installation, experiencing 
considerable difficulty in the operation 
of it. 


so culIM> + 


France Plans Tidewater Power Plant. 
The French Parliament has passed 
a law approving a project that will 
call for the erection of a power plant 
utilizing tidal energy. The construc- 
tion will involve a dam of 150 meters 
and four groups of turbines operating 
on both the inflow and the outflow of 
the tide, their power ranging from 75 
to 1,200 h. p. when running at various 
speeds. The use of the tides will be 
carried on with that of the water power 
drawn from a fresh-water stream in 
the neighborhood, thus making it pos- 
sible to regularize the total power pro- 
duced. Fresh water and the tide plants 
combined will furnish a minimum of 
1,600 h. p. and a maximum of 3,200 
h.p. The equipment will furnish 
power equal to that produced by 
16,500 tons of coal per year, according 
to Commerce Reports, 











THE TECH ENGINEERING NEWS 


COPPER IN MODERN STEELS 


I. HARDNESS 


By GEORGE J. FERTIG 






March, 1924 


Graduate Student, Massachusetts Institute of Technology 


NGINEERS, designers and ma- 
chinists live in a world of 
metals in which iron and steel 

play the greatest part. They use 
metals as their servants and have an 
intimate knowledge of the virtues 
and vices of these materials, appre- 
ciating their various qualities as a 
man appreciates the qualities of his 
human associates. 

A skilled executive will cause his 
ideas and his schemes to be carried 





FIGURE 1 
The Iron Form. Body Centered 


to success by men whose birth, edu- 
cation and early training are some- 
times of small importance to him. 
Just so, the man who daily finds him- 
self requiring the service of metals 
and alloys is sometimes ignorant of 
the attractive features which charac- 
terize them and of the interesting phe- 
nomena which make metals useful to 
him. Surprisingly few are those who 
can relate the story of steel and fewer 
still are those who are familiar with 
the function of copper when it is inti- 
mately allied with steel. 

In the early days of steel manufac- 
ture in the United States, iron ores 
were used which were practically free 
from copper. The opinion was formed 
generally that a steel made from cop- 
per bearing ore and thereby containing 
copper itself was inferior to a copper 
free steel. Sulfur and _ phosphorus 
were known to be injurious materials 
in steel and metallurgists in the past 
were prone to view copper with the 
same skepticism as they accorded 
sulfur and phosphorus. The custom- 
ary processes of blast furnace smelting 
and open hearth treatment did not 
remove the copper present in the 
original ore. To make a separation 
and thus to manufacture a steel com- 
paratively free from copper would 
prove expensive. Large quantities of 
iron ores in this country were beginning 


to run higher in copper and foreign 
ores themselves were far from free 
from it. Not only did the metal have 
to be put into rails and other struc- 
tural shapes but large quantities had to 
be worked in the puddling furnace to 
make wrought iron and in foundries 
to make miscellaneous cast steels. 
To steel makers and steel users alike 
it was important that the skepticisms 
regarding the influence of copper in 
steel be supplanted by actual tests 
and scientific investigations and that 
any alterations due to its presence be 
determined. 

The presence of copper in steel gives 
rise to a number of interesting phenom- 
ena. Because hardness is a physical 
property by which metals are often 
judged it has been elected to present 
principally the effect of copper on the 
hardness of steels. 

When carbon is added to molten iron 
it is found that a certain small amount 


This article is specially prepared for THE 
TECH ENGINEERING NEWS from 
actual data obtained by Mr. Fertig. Part I, 
printed in this issue, gives some very in- 


teresting details concerning the hardness 
a of copper steels. Part II, which 
will be published in our April issue, deals 
with the corrosion features of these steels. 





of it dissolves in the iron, forming upon 
cooling an alloy much harder than 
pure iron. If the amount of carbon 
in the cooled mass is more than 2.5% 
the result is cast iron, if less than this 
amount the product is a steel. Steel, 
then, is a combination of pure metallic 
iron with small amounts of carbon. 
For the present a consideration of 
such elements as manganese, phos- 
phorus, sulfur and silicon, which are 
present in commercial steels, will be 
postponed. 

Hardness is the resistance to per- 
manent deformation. Since steel dif- 
fers from iron by the amount of carbon 
present, evidently the carbon has 
served to make the mass more rigid 
and less distortable. When pure 
molten iron cools to room temperature, 
the microscope shows that it forms in 
minute cubes of exceptionally small 
dimensions. In the pure metal the 
cubes are found face to face, all 
oriented in the same direction within 
the same grains. X-ray analysis 
reveals that each of these individual 
cubes of iron at room temperature is 
made up of many smaller cubical 
formations of iron atoms arranged as 
body centered cubes. (Fig. 1.) Each 


grain of the metal known as iron is 
constituted by rows upon rows of 
these cubes placed face to face to each 
other extending in three directions. 
The cubes meet each other in planes 
which extend throughout the grains 
and when a grain of iron is distorted 
or torn apart rupture is said to occur 
at these planes of junction. Defor- 
mation is the slip of planes of atoms 
over each other. (Fig. 2.) When two 
different metals alloy it is believed 
that the atoms of the metal present 
in the lesser amount replace an equal 
number of the atoms of the metal 
present in the larger amount. Such 
replacement invariably provokes a 
change in the dimensions of the cube 
into which the foreign atom enters 
and therefore breaks the symmetry of 
the plane surfaces between atoms. 
Slip now is more difficult and the alloy 
is said to be harder than the pure 
metals of which it is made. (Fig. 3.) 
In steel, carbon plays the part of a 
foreign atom in its alloying with iron 
and causes irregularity in the slip 
planes. Slipping is hindered thereby 
and the steel is found to be harder 
than the pure iron. 

Copper is shown by microscope and 
X-ray spectrometer alike to solidify 
from its molten state in cubical forms 
of a little}larger size than those of 
iron. Its arrangement of atoms is 


FIGURE 4 
The Copper Form. Face Centered 


slightly different from the disposition 
of atoms in the pure iron cube. Tie 
arrangement is that of the face centered 
cube. (Fig. 4.) Pure iron and pure 
copper alloy in all proportions — eac! 
of the resulting alloys being harder 
than the respective pure metals then:- 
selves. When carbon is present, how- 
ever, the amount of copper which wi!| 
alloy with the iron is very limited. 
In cases where the carbon content 1s 
high, as little as four or five per cent 
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of the copper will dissolve in the iron, 
The excess copper separates out as 
metallic copper and appears either in 
globular form within the grains or is 
rejected to the grain boundaries where 
it serves to impart a reddish tinge to a 
fracture. 

It follows from these theoretical 
considerations that copper would serve 
as an agent for increased hardness. A 
steel of definite carbon composition 
with copper, therefore, would be 





Pure Metals Alloys 
FIGURE 2 
Slip Planes in Pure Metals and in Alloys 


harder than a similarly treated non- 
copper steel of like carbon content, 
provided the copper content be held 
within certain limits. 

But a theoretical consideration of the 
relation between copper and hardness 
would be of limited, value unless it be 
accompanied by actual physical tests 
or by reflections from industry itself 
upon the behavior of copper bearing 
steels in service. Industrial records 
vary somewhat in their bases for com- 
parison, however, so that uniform 
scientific tests prove more practical 
and accurate. 

The physical properties of metals 
depend upon a large number of factors. 
Hardness itself is a function of many 
variables, especially in steel. It is 
influenced by such conditions as com- 
position, heat treatment and mechan- 
ical treatment. Under various circum- 
stances all of these factors combine to 
give a piece of steel a definite resistance 
to being torn apart or distorted. It is 
a rule that the resistance of a metal to 
being pulled apart under tension is a 
measure of its hardness. Hence, by 
comparing the forces necessary to 
pull apart equally sized bars of 
similarly treated copper bearing and 
copper free steels, a relation between 
copper and hardness might be obtained. 
Such a relation has been determined, 
first, in the case of steels which con- 
tain copper only, and later for alloy 
steels containing copper and_ nickel, 
and copper, nickel and chromium, 
respectively. (Fig. 5.) In each of 
these instances the amount of carbon, 
manganese, phosphorus, sulfur and 
silicon were regulated so as to remain 
substantially constant. The heat 
treatment and mechanical treatment 
was controlled so as to vary but 





slightly. The tests were taken from 
air cooled bars. The results are 
evident that copper, whether found 
in simple carbon steel or in certain 
alloy steels, improves the hardness, 
since the latter is measured in this case 
by the tensile strength. 

The hardening effect of copper upon 
steel in which it is present has been 
explained, first, in the light of modern 
theories of hardness and, secondly, 
has been verified by experimental 
tension tests. But to close the review 
of the question without looking at the 
views of the people who make and 
who utilize steels in which copper is a 
component would be to neglect a 
large portion of the value of the fore- 
going explanation. The tests which 
industry require of a material are 
many times versatile and often times 
cannot be analyzed and divided into 
simple factors. The requirements 
which are made upon copper steels 
‘annot always be separated into recog- 
nizable elementary characteristics. 
Undoubtedly, hardness is a function of 
many variable factors, but often the 
successful application of a steel to an 
industrial use has depended upon a 
property which can frequently be dis- 
tinguished as that complicated function 
which has been called hardness. 

The metallurgist has been the first 
to notice the manner in which a copper 
steel differed from a simple steel. His 
records show that in the ladle copper 
mixes well with the molten steel and 
remains evenly distributed throughout 
the mass during the process of pouring 
into ingot molds and through final 
solidification. Had this not uniform 
distribution persisted, the finished steel 
rails or bars would have had undesir- 
able irregularities in their properties. 
When the ingots are reheated for the 
purpose of rolling them into commer- 
cial shapes it is found that for low car- 
bon steels the copper cannot be more 
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FIGURE 5 
Effects of Copper on the Tensile Strength of Steels 


than five or six per cent, else the steel 
will overheat and later crack and flay 
as it passes through the rolls. For 
medium carbon steels a limit of two 
per cent of copper has been found as 
a maximum. When these ranges of 
composition are complied with, copper 
steels are found to be more easily 
deformable without cracking than 
non-copper steels. Operations such as 
deep flanging and the rolling of light 
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weight tubing are more successfully 
performed on the latter type of steel. 
Bessemer steels containing copper in 
accordance with the above prescrip- 
tions have been subjected to sudden 
and extreme reduction in the rolling 
process with noticeably good results. 
Open hearth copper steel has behaved 
well under the same hammer as well as 
in the rolling process whether the fin- 
ished product has been either plates 
or more condensed shapes. Copper, 


Hardness 














Per Cent of Gold 


FIGURE 3 
Hardness of Silver Gold Alloys 


in general, has been found to increase 
ductility in the heated steel without 
sacrificing hardness as a property of 
the finished product. It has served in 
imparting greater elasticity and work- 
ability than would have been possible 
in steels in which it was absent or 
present in very insignificant amounts. 
From the viewpoint of the makers of 
steel the presence of limited amounts 
of copper has added noticeable advan- 
tages. 

To those who utilize finished prod- 
ucts is given the privilege of final 
decision as to the success or failure of 
a product in use. The successful 
metallurgist is one who separates the 
requirements for the suitable applica- 
tion of a metal to certain uses into as 
near elementary factors as possible 
and who knowingly attempts to de- 
velop a metal which will fulfill each of 
these elementary factors. In such 
analyses as he is called upon to make, 
the factor of hardness is invariably 
encountered and although in some 
cases it is difficult to isolate as a sep- 
arate requirement it always enters as 
an important consideration. When a 
steel has met with favorable industrial 
application it is undeniable that it has 
satisfied the essential of hardness. 
Whenever a copper steel has been 
found to answer the needs of a certain 
use it is understood that among other 
things its hardness has been equal to - 
the demands of the occasion. Plant 
records are wealthy in interesting inci- 
dences of the successful adaptation of 
copper bearing steels to a wide range 
of uses. Light armor plate bearing 
copper has found favorable adaptation 
on battleships. Gun linings have been 
(Continued on page 378) 








This article is an abstract from a 
letter which was written by Mr. 
Traphagen to the George A. Fuller 
Company of New York. Mr. Trap- 
hagen, who is connected with the 
Orient Division of the company, was 
in Dairen at the time of the Japanese 
earthquake. As soon as he received 
reports of the disaster he set out for 
Tokyo and Yokohama. His letter 
portrays vividly some of the conditions 
he found in these cities and also gives 
a good idea of the remarkable stability 
of the buildings constructed by Ameri- 
can engineers. Editor. 


IRELESS reports regarding 
the Tokyo earthquake were 
received in Dairen about 

noon on September 2 and, due to the 
alarming information contained in 
these incomplete reports, I arranged 
to leave for Tokyo at once, and for- 
tunately was permitted to join the 
United States destroyer Whipple which 
was one of the United States squadron 
on visit to Dairen and which had at 
once been ordered to proceed to Tokyo 
to render all assistance possible to the 
refugees. 

The squadron reached Yokohama 
on Wednesday, September 5, the 
Whipple having instructions — to 
proceed at once to Tokyo and get in 
touch with the United States Ambas- 
sador. Arriving at Tokyo about seven 
p-m. we went ashore, going direct to the 
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Imperial Hotel where the American 
Ambassador had secured temporary 
offices after the embassy had_ been 
destroyed by fire. 

To reach the shore from where the 
Whipple had anchored was a dis- 
tance of some two miles, and in this 
distance our launches passed probably 
more than two hundred bodies floating 
on the water, we later being informed 
that thousands of Japanese during the 
fire had thrown themselves in the 
canals to escape the intense heat 
and had been drowned, these bodies 
floating all over Tokyo Bay and even 
as far south as Yokohama harbor. 

On landing we found Tokyo in 
entire darkness excepting for small 
fires still smouldering in every direc- 
tion, and from the landing place to 
the hotel, a distance of some two 
miles, we had to walk through what 
had once been business streets, but 
now was completely filled up with the 
wreckage of collapsed buildings, the 
remains of tram cars, automobiles, 
and nothing but desolation on every 
side. 

The American Embassy officials 
were doing everything possible to 
assist the refugees, many of whom had 
been camping in the parks, streets and 
hotel grounds for four days with but 
little clothing and hardly any food. 
The officers of the Whipple at 
once made arrangements for, taking 
these refugees to Yokohama on the 
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following day for transhipment to 
Kobe, and they certainly rendered 
splendid service, assisting all foreigners 
that required help, giving food, medi- 
cines and clothing from the limited 
stores they had, the Whipple making 
several trips to Yokohama, taking all 
foreigners irrespective of nationality. 
The Japanese refugees were being cared 
for by Japanese boats. 

It is well at this time to mention 
that our American destroyers and 
warships were the first to arrive at 
the scene of disaster, although coming 
a longer distance than the relief boats 
of other nations. ‘The American ships 
had been calling at Dairen, some thir- 
teen hundred miles from Yokohama, 
arriving here sixty-six hours after re- 
ceiving sailing orders, which was a 
record run as considerable of this trip 
had to be made through dangerous 
straits off the coast of Korea. In addi- 
tion to this fleet, additional American 
warships had been ordered by our 
Navy Department from Manila and 
Tsingtao with all kinds of emergency 
medical supplies, foodstuff and clothing. 

The British ships coming a shorter 
distance reached Yokohama one day 
later also rendering very valuable aid. 
Several Japanese destroyers from Port 
Arthur arrived two days after our 
arrival. Too much praise cannot be 
given to our American sailors for the 
splendid service rendered by them 
under most trying circumstances, due 
to the red tape obstructions of Japanese 
officials who strongly opposed the 
entrance of foreign ships in Tokyo Bay 
which was a forbidden zone to foreign 
shipping. The destroyer Whipple was 
the first foreign warship to ever 
enter these waters, and did so without 
securing Japanese consent, but to meet 
this emergency they were fully justified 
in proceeding without waiting for 
Japanese approval. Later on our 
Ambassador, after much argument, 
secured proper authorization — per- 
mitting foreign ships to enter this 
forbidden zone so that all foreigners 
could be given necessary assistance. 

Due to the fact that Friday, August 
31 was a holiday a large number of 
the foreign residents of both Tokyo 
and Yokohama had left for the 
mountain resorts some distance from 
Tokyo, expecting to return on Septem- 

yO, €X] ~ I 
ber 3, therefore a large proportion of 
the foreign residents of this section 
were outside of the earthquake zone, 
escaping injury, but practically all 
losing their homes by either earthquake 
or fire. 

In Tokyo we found the parks and 
streets crowded with Japanese home- 
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less refugees, to the number estimated 
at over one million, as many more 
having left on foot for interior points, 
which fact somewhat relieved the 
situation. Conditions were becoming 
serious, as only a limited quantity of 
food was available and drinking water 
not obtainable. The authorities in 
their limited way were, however, busy 
doing all that was possible, and 
clothing, rice and other foodstuffs 
were beginning to arrive. 

We found that practically the 
entire business section of Tokyo was 
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THE MODERN JAPANESE OIL BUILDING STOOD 
THE TEST WELL 





destroyed, only a part of the residential 
section escaping the flames. 

The city was laid out in wards, 
each ward covering a section approx- 
imately from one to two miles square, 
the principle business wards being as 
follows: 


Kyobashi 100° Destroyed 


Nihonbashi 100% Destroyed 
Asakusa 95% Destroyed 
ae oo 
pe 1000 ahead 
Marunouchi 20% Destroyed 


The greater majority of the buildings 
included in these sections, excepting 
in Marunouchi, were of wood, brick, 
or concrete construction, one to four 
stories high, the larger number being 
built of wood frame, covered with 
heavy tile roofing. The first shock 
caused most of these buildings to 
collapse giving the occupants no 
possible chance of escaping; flames 
immediately starting in every direction, 
simply cremating people by thousands, 
as water mains were all broken and 
the fire department useless. 

In Nihonbashi section were located 
several large retail department stores 
and these were all destroyed by 
flames, leaving nothing but the skeleton 
frames standing. 
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The remaining wards of Tokyo were 
mostly residential, being badly dam- 
aged by earthquake, but fortunately 
escaping total destruction from fire, or 
the loss of life would have been much 
greater. 

The Marunouchi ward was more 
fortunate than the others, receiving less 
damage, probably due to the fact that 
the type of buildings erected in this 
section were chiefly steel frame, gran- 
ite or reinforced concrete construction, 
however a number of the larger 
buildings were damaged beyond repair, 
chiefly due to inferior materials being 
used in their construction. I cite as 
an example, the Palace Hotel, a 
building six stories high with roof 
garden completed only last December 
and built of Japanese fabricated steel 
frame, brick and concrete, the steel 
being so badly twisted that the 
building will have to be torn down. 
Another example was the Naigai 
Building adjoining the N. Y. K. 
Building, built of reinforced concrete, 
and which collapsed killing more than 
one hundred and thirty occupants. 
The wreck of this building was due 
entirely to faulty construction. For- 
tunately owing to the wind having 
shifted,a majority of the other buildings 
in this section escaped the flames or 
the destruction would have been much 
greater. 

Statistics just published are giving 
the number of buildings destroyed by 
earthquake and fire as compiled by 
the Government as follows: 


Residences 142,993 
Assembly Halls 94 
Shrines and Temples 1,936 
Factories 4,768 
Theatres 193 
Government Buildings 964 
Schools and Libraries 980 
Banks and Business Offices 8,025 
Warehouses 12,343 


Later on I had an opportunity to 
visit Yokohama and found that the 
entire businesssection of the city located 
in what was known as the settlement 
was absolutely wiped out. The centre 
of the earthquake had apparently 
been here, and was told that practically 
every building collapsed from the first 
shock, burying thousands in the debris, 
the flames finishing whatever was left 
from the earthquake shocks. Only 
the walls of three or four concrete 
buildings were left standing, being the 
Russo-Asiatic Bank, Yokohama Specie 
Bank, and the new telephone ex- 
change. Practically every wharf and 
warehouse collapsed, destroying the 
city’s entire shipping facilities. The 
foreign residential section, known as 
the “Bluff,” where many beautiful 
residences and hotels had been located, 
was in entire ruins, and Yokohama, 
once a beautiful city, was now nothing 
but a scene of misery and desolation. 
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The following will give my obser- 
vations regarding the damage to 
buildings erected by the Fuller Com- 
pany in Tokyo which was made 
under the most difficult conditions as 
all streets were crowded with refugees 
standing in bread lines and all buildings 
entirely closed up so that I could not 
ascertain whether the interiors had 
been damaged to any extent, but 
from outside views assume that there 
was little or no damage sustained to 
any of the interior work. It must, of 
course, be understood that a close 
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DAMAGE TO THE YUSEN BUILDING WAS 
CONFINED TO BRICKWORK AND FACING 


technical examination by an engineer 
may disclose a more serious condition 
but on the surface feel quite con- 
fident that the buildings can easily 
be reconditioned within a few months, 
providing materials and labor can be 
secured. 

Marunouchi Building. Many 
cracks in brick and concrete filling 
between the steel columns on the 
second and third floors.. Outside tiling 
had been badly buckled in many places 
and fallen off, but this tiling was 
simply ornamental and added nothing 
to the strength of building. Steel 
framework appeared to be absolutely 
intact without any shifting of position. 
No window glass was broken. 

N. Y. K. Building. Steel frame 
absolutely intact with no shift, con- 
siderable damage to brick walls and 
terra cotta between the steel columns 
on the second and third floors, most 
of which occurred on the corners, also 
some of the exterior terra cotta was 
badly cracked on upper floors. The 
interior walls on first floor showed 
no cracks nor was any window glass 
broken. 


Japan Oil Building. Steel frame 


intact with no shifting, some damage 
on second and third floors to the 
(Continued on page 376) 
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THE MOST PROBABLE WORLD 
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‘< UCK” is a popular name for the 
result of unknown or unrecog- 
nized causes. A man may be 

“lucky” or “unlucky” in drilling for 
oil or in his investment in oil operations. 
He would not be so “unlucky” if he 
knew before he started operations that 
the chances were 1 to 100 against him. 
If a man knows it is practically a 
certainty that he will strike oil at 
least once in a hundred trials at a 
cost, let us say, of $40,000 a trial, 
then he will be no fool if, having 
$4,000,000 to risk, he goes into the 
game. At these odds, he will be a 
fool directly in proportion as he can 
finance less than one hundred failures. 

Luck they say, is blind. Even 
though often very near-sighted, the 
eyes of chance are open. 

This is why the “lucky” rich man 
generally wins in the high game of 
finance, and, with equal generality, 
the “unlucky” poor man joins the 
herd of “wool” producers. And_ this 
may be true even if we consider that 
both have equal sources of informa- 
tion. Generally the sources of in- 
formation in “ Wall Street,” like the 
location of oil pools in the known 
sand bed, are of unknown accuracy. 
But the “chances” are in favor of the 
rich man because he can stand the 
gaff of a sufficient number of failures 
to make it certain that he will win 
once. 

The operator in “sand” and the 
operator in stocks are like Clerk - 
Maxwell’s theoretical experimenters 
who never see the mechanism they 
set in motion. But, unlike the ex- 
perimenters, the operators do not take 
the time, or lack the analytical ability, 


FREQUENCY 


ORDER OF DATA 


FIGURE 1 
Histogram 


to work out a theory of the connections 
between the strings they pull and the 
results produced in the remaining 
visible parts of the mechanism. If 
the theory indicates that when a 
given string is pulled a certain result 
follows, and if the experimental result 
always coincides with the theoretical 


result, chance is converted into cer- 
tainty. But since “always” means 
that the rule holds true in every 
possible case, past, present and future, 
the most that can be truthfully said 
is that a marked probability of a 
given result following a given operation 
exists. 

Even when an exact theory cannot 
be, or has not been, worked out, a 
rougher determination of the average 
behavior of the mechanism may be 


If the World is so constituted of 
an ordered but discreet collection 
of events and discontinuities, it is 
no wonder that, taking life to be a 
toboggan slide, we are badly bumped 
when too late we find the world to 
be a very uneven flight of steps, with 
several jumps added that make the 
going fit only for expert skiers. 


had, so that the average result of a 
number of distributed experiments 
either simultaneous or successive, may 
be pre-established. Indeed this is the 
most generally useful method and as 
will be shown later is the form that 
most theory takes. It is the method 
of statistics. 

A friend of the writer’s who had 
spent much time studying the stock 
market and had been successful by 
the use of distributed small invest- 
ments, afterward blindfolded himself 
and made an equal number of random 
selections by pricking a market report 
with a pin. If he had made his 
investments by the random method 
he would have made more money than 
he actually made by his carefully 
selected investments. As such things 
go, this is not an exceptional result. 
The basic reason for the investor’s 
success was the fact that he bought 
on an average low market, sold out 
on an average high market and put 
his money in the savings bank, to wait 
for the next average low market. On 
this basis practically any reasonably 
widely distributed individual invest- 
ment as a whole, will make money. 

The analysis of the general pheno- 
mena of chance leads to the theory of 
probabilities and it is found that the 
behavior of most, if not all, natural 
phenomena, not only those associated 
with gambling, but with physics as 
well, fall within its scope. By it, 
even those results of experiment that 
seem to fall within the realm of def- 
inite uncertainty, are reduced to order. 
Only ordered phenomena, no matter 
how complicated their order may be, 


are amenable to logical discussion and 
to mathematical treatment. In other 
words, we can reason only about 
ordered phenomena. 

Any one who plays poker on a 
right system of hand rating based on 
probabilities in the end, must win, 
even though it be but little, and the 
resulting game be of little real in- 
terest to himself or to his fellow players. 

Nothing is so apparently uncertain 
in this world as the span of a man’s 
life, yet billions of dollars are invested 
successfully in a method of betting 
on just such seeming uncertainties. 

Without going into further details, 
or into a more philosophical discourse, 
aimed to prove that the innocent by- 
stander, as a member of society, must 
share the blame for the failure of 
another individual, or of society as a 
whole, to properly analyse past per- 
formance and so deduce and act upon 
the rulesfor present and futureconduct, 
may we now write down that “bad 
luck” is invariably due either to 
ignorance or to carelessness? Con- 
trariwise, “‘good luck” is the in- 
telligent determination of “the best 
bet”? backed by sufficient courage 
to place the money. This applies alike 
to personal behavior, to business, to 
horse racing and to scientific research. 

The rule of probabilities assumes a 
certain discreteness of events, It im- 
plies a degree of discontinuity in any 
group or sequence of the phenomena 
with which it deals, after the manner 
that the faces of a die are different, 
one from another; as the terms in a 
mathematical series are different, one 
from another; as the people in any 
group differ in tallness, one from 
another. It denies the possibility of 
smoothness or infinitely fine gradations 
in such differences between the ele- 
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ments of group or sequence, in the 
sense that the older mathematics sought 
to define continuity and infinity. In 
the theory of probabilities as applied 
to statistics, the order and frequency 
with which the data or events relating 
to growth, change, or differences oc- 
cur, are illustrated by a histogram of 
the general type shown in Fig. 1. 
That the steps in this figure and the 
corresponding class-intervals in the 
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data may be exceedingly fine is beside 
the point. They can never be so fine 
that they cease to be steps to an 
eye or to an instrument of sufficient 
resolving power to discern them. The 
assumption that such a change is 
continuous must lead to error if the 
analysis be fine enough. 

Such an assumption would be equi- 
valent to accepting the possibility of 
distinguishing between the facets of a 
sphere, or to playing craps with 
spherical dice. The arbitrary re- 
duction of the discrete intervals be- 
tween actual events to a continuity 
results in a conclusion that does not 
correspond with any known real order 
or sequence of phenomena. The flow 
of a river turns out to be the average 
motion of a group of discrete water 
molecules. The electric current is 
found to be a flow of discrete electrons. 
The assumption of continuity leads 
to Zeno’s paradoxes. It leads to such 
difficulties as the distinction between 
a sphere and a polyhedron as the 
number of facets is indefinitely in- 
creased. That the “limit” of the 
polyhedron, as the number of faces 
is increased is a sphere, is a reasonable 
assumption only if it be never necessary 
to distinguish that the difference, how- 
ever small it may be, exists. 

It is obvious that every real physical 
polyhedron must be different from 
every real physical sphere, and that 
this difference must be a measurable 
difference. Otherwise it is not a 
physical difference, and so, in the 
physical sense, is not real. There is 
no “real” point in space and time 
where we can say “this polyhedron 
has so increased the number of its 
faces that it has ceased to be a poly- 
hedron and is now a sphere.” There- 
fore any method of analysis that is 
founded on such physical impossibili- 
ties eventually must lead to error. 
The experimenters have evolved a 
theory of connection between the 
strings that is not “always” true. 

As will be pointed out below, it is 
the necessity of making this distinction 
between continuity and discreteness 
that has led to recent failure in the 
“classical” methods of analysis. Here 
again, as was remarked in the writer’s 
article “‘Mathematics”, (TecH En- 
GINEERING News, Vol. IV, Number 5, 
p. 161, November, 1923) the habits 
of thought engendered by the con- 
tinued uncritical acceptance of ab- 
stract generalizations, have led to a 
confusion of ideas. 

It seems strange that physical theory 
has permitted itself to arrive at this 
impasse, when the theory is itself 
fundamentally and necessarily of a 
statistical nature. 

The Dynamic Theory of Gases is a 
method of determining. the most 
probable arrangement and grouping 
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as to number per unit volume and 
as to velocities of the molecules whose 
motion is assumed as random. If the 
motion of the molecules were as 
random as the assumptions made, then 
“real” gases would be of the ex- 
pected character. That real gases 
differ from the expectation is prima 
facie evidence that the molecular 
motions are not altogether random but 
are constrained in certain unde- 
termined ways. It is probable that, 
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in the nature of things, observations 
made on actual gases, being relatively 
coarse-grained and rough, give average 
results in which the most probable 
result is merely the specific result 
occurring with the greatest frequency. 
In his “Dynamical Theory of Gases,”’ 
Jeans quotes Clerk-Maxwell as sta- 
ting that, according to the laws of 
thermo-dynamics, it is only extremely 
probable, but not certain, that if a 
kettle of water be put on the fire it 
will boil and not freeze. 

Again, Legrange’s generalized equa- 
tions of motion are statistical state- 
ments of the most probable relations 
between the codrdinates of point- 
masses whose unconstrained motion is 
quite random. ‘The modern theory 
of mechanics as developed by Maxwell 
and Gibbs is purely statistical in its 
nature. 

Recall the Laplace attempt to 
show that, since the arrangement of 
the celestial universe cannot be de- 
duced completely from random mo- 
tions, its arrangement indicates the 
existence of a primitive restrictive 
cause. Modern astronomers reverse 
this process and attempt to deduce 
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from the observed relations the most 
probable cause of these relations. 

It is probable that the whole of 
physical theory can be summed in the 
Einsteinian statement, that “‘the pres- 
ent state of the world is that which is 
statistically the most probable.’’ In 
other, and less elegant terms, the 
world is a good bet, and this con- 
clusion is also the net outcome of 
modern philosophical argument. 
“This is the best of possible worlds,” 
says Josiah Royce, so that altogether, 
there is very little room for the 
pessimist in this four-dimensional 
universe of ours. As a matter of 
fact, the pessimist usually turns out 
to be the man who went drilling oil 
with not enough money in his pocket 
to finance his failures. Yet, no matter 
how great are the odds against him, 
the player does draw a royal straight 
flush; the first drill does strike oil, 
and we all rush in to sink our savings 
in the quicksand. 

Thus every kind of human activity 
is based on “chance”. The _pre- 
determination of the result depends 
on the accuracy with which the prob- 
ability of the occurrence or non- 
occurrence of any event can _ be 
established. Our failures result from 
our ignorance of such probabilities, 
most of which are weighted for or 
against us. That is, the events are 
rarely, if ever, entirely random. We 
are playing with loaded dice. And 
we devise all kinds of rules, Newton’s 
Laws of Motion for instance, which 
are presumed to tell us how the loading 
occurs. But we are disposed to forget 
that such laws of the game are only 
probably, not necessarily, of a piece 
with nature. The disposition of the 
planets in space is not completely in 
accordance with any theory of celestial 
mechanics. Neither is it entirely 
random. 

To illustrate the meaning of this 
statement, consider the case of events 
that so far as our experience and powers 
of discrimination go, may be taken as 
entirely random. Such are the throw- 
ing of dice, the distribution of shots in 
a gun pattern, the probable errors in 
measurements about which many of 
you have learned, or are learning, 
under the subject of “least squares,” 
and a vast number of other data that 
fall under the scope of statistics. The 
frequency with which any given number 
of such events occur simultaneously, 
or the frequency with which any speci- 
fic event occurs in a given number of 
trials may be illustrated by the nor- 
mal “‘ideal”’ curve of distribution shown 
in Fig. 2. Depending on the initial 
data given, the maximum ordinate of 
this curve gives either the events which 
will most probably occur simultane- 
ously, or the event which will most 

(Continued on page 382) 





ECENTLY completed records of 
R The National Board of Fire 

Underwriters definitely establish 
the fire loss in the United States 
for the year 1921 as $396,324,810. 
With the customary addition of 
twenty-five per cent to cover losses 
unreported and uninsured the total 
becomes $495,406,012 which represents 
a burning rate of sixteen dollars a 
second! That is just the property loss. 
Other contingent losses would, no 
doubt, raise the total to a billion. 

From two hundred fifty thousand 
to three hundred thousand fires are 
‘reported each year. All were incipient 
at the start and practically all by 
adequate protection could have been 
controlled and so prevented from 
causing but a nominal amount of 
damage. 

While a building itself cannot cause 
fire it can contribute largely to the 
spread of fire once it has started. 
It is well, then, before equipping a 
building with fire extinguishing devices, 
to consider what structural principles 
should be observed to reduce the 
rapidity and extent of fire spread. 
The essential faults to correct in 
existing buildings and avoid in new 
construction, so far as it is practicable 
with the nature of occupancy, are: 

(Wherever the word “approved” is 
used it refers to devices which have 
been tested and approved by the 
Underwriters’ Laboratories, Inc.) 

1. Unprotected Vertical Openings, 
such as elevator shafts, stair shafts, 
light wells, dumb waiter shafts and 
belt holes. 

2. Concealed Spaces which are 
formed by sheathing on walls, ceilings 
and partitions and all other horizontal 
or vertical flues created by sheathing. 

3. Unnecessary Combustible Con- 
struction such as shelves, cupboards, 
partitions and interior finish. These 


should be removed or replaced by 
others of incombustible nature. 








THE TECH ENGINEERING NEWS 


PRINCIPLES OF FIRE PROTECTION 
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4. Wooden Cornices, unnecessary 
combustible roof structures, adjoining 
platforms and sheds. 

5. Unprotected plain glass skylights. 

6. Combustible roof covering. 

7. Unprotected openings through 
division walls of fire-resistive con- 
struction. 

8. Unprotected Wall 
Openings. 

Vertical Openings 

The existing draft caused by the 
unenclosed vertical opening intensi- 
fies the fire on the floor where it 
has started and the fire and smoke 
following the draft conditions are 
rapidly conducted upward through 
the building. Generally speaking the 
opening should be enclosed with mate- 
rial having fire-resistive power equal 
to the floors. The enclosures should 
be of brick, concrete, terra cotta or 


Exterior 


gypsum blocks, cement plaster on 
expanded metal, plank or double 
matched boards. In the ordinary 


joisted type of construction, which 
is more common than any other, the 
stairways should have a_ separate 
enclosure for each flight not less than 
one and one-half inches thick; double 
boarding is preferable to single, as it 
is not so liable to warp and open up 
at the seams. Doors in enclosures to 
have fire-resisting power equal to 
the enclosures and hung on heavy 
wrought iron hinges, latches and 
catches to be attached by bolts. Doors 
to be kept closed and latched when 
not in use. It is preferable to attach 
a stout spiral spring to all doors to 
keep them closed automatically. All 
hallways extending up through a build- 
ing, should be shut off from the rest 
of the building at each floor by 
enclosures and doors equal to floor 
thickness. 

Elevator shafts to be enclosed at 
each floor by double matched boards 
one and one-half inches thick and 
self closing doors provided, the same 
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thickness as enclosure. Occasionally 
owners prefer automatic trap doors for 
elevator openings rather than enclo- 
sures. These are generally operated by 
the elevator in its rise and descent. 
Stair and elevator openings in build- 
ings of Fire Proof or Slow Burning 
(Mill) Construction, not cut off in fire 
resistive shafts, are a violation of a 
most prominent principle of such 
construction. When they exist, how- 
ever, they should be enclosed by fire- 
proof material, varying from eight 
inches to sixteen inches in thickness 
and all door openings provided with 
approved self-closing fire doors. Light 
wells when they cannot be floored over 
should have fire-resisting walls and 
wired glass windows. 

2. Chemical Extinguishers. There 
are many and various types cf 
extinguishers on the market and only 
those which have been tested and 
‘“approved”’ should be purchased. 
Poorly designed and constructed extin- 
guishers have been known to have 
burst and cause loss of life. Portable 
extinguishers vary in size from one 
quart to the thirty-three gallon type 
on wheels. The most widely used 
extinguisher is the two and one-half- 
gallon soda and acid type. The great 
value of this form of extinguisher is 
that it gives a good stream of water 
under high pressure for about a 
minute. The stream reaches thirty 
feet from the operator and can be 
readily used on ceilings and hollow 
walls, etc., where pails would be hard 
to use. The one quart carbon tetra- 
chloride extinguisher is extensively 
used and is valuable on fires in volatile 
liquids such as are encountered in 
automobiles, motor boats, etc. The 
latest make extinguisher is the foam 
type. This extinguisher is made in 
various sizes and has proven to be 
effective on any fire, remarkably so 
on oil fires. This make throws a 
good stream of a foam-like substance 
which covers any surface it touches 
with a blanket of tenacious carbonic 
acid gas bubbles which later dry up 
and can be readily brushed away. 
Dry powder tubes and glass bottle 
hand grenades have no place in fire 
protection and should be consigned 
to the scrap heap. There is a type of 
extinguisher for each particular case 
but only “approved” makes should be 
used and in sufficient numbers. 

3. Standpipes and Hose. Valuable 
protection can be secured from properly 
installed and maintained standpipes 
and hose both against interior as well 
as exposure fires. The standpipes 
should be of sufficient size to give a 
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good stream from more than one 
outlet at once. The usual size is four 
inches and they should be located so 
that one hundred-foot lengths of hose 
will reach every point in the building. 
The hose should usually be one and 
one-half inches in size as it is much 
easier to handle than larger hose and 
wastes less water should it have to be 
abandoned during a fire. It is essential 
that the standpipe be kept in com- 
mission with water right up to the 
hose valves. Where public water 
direct from the street main is available, 
this is the best supply to the standpipe. 
Tanks or pumps in the building can 
be used in the absence of connection 
with city water. In high, fireproof 
buildings it is generally desirable to 
install a six-inch standpipe with two 
and one-half-inch hose as the firemen 
make use of them instead of dragging 
hundreds of feet of hose up through 
the building. These standpipes are, 
in most cases, maintained without 
water in them but are equipped with 
a steamer connection at the base so 
that the fire department can couple 
on their hose and pump in with an 
engine or use the high pressure system. 
Roof hydrants equipped with monitor 
nozzles are particularly valuable on 
flat roofs in heavily exposed localities 
such as dock warehouses, and lumber 
yards. 

When installing apparatus it is 
most important that it be located so as 
to be prominent and readily accessible. 
Automatic Sprinkler Protection 

The automatic sprinkler in forty 
years of actual performance may 
easily be classed as the most important 
of all fire protection devices. With 
the rapid growth of our manufacturing 
plants and mercantile centers the 
increasing needs of better fire protec- 
tion were fully recognized. Realizing 
that the most effective way to cope 
with a fire was to extinguish it in its 
early stages, to throw water directly 
on it by some device automatically 
operated by the heat of the fire, a 
number of inventors developed the 
automatic sprinkler. The first sprinkler 
to be used, about 1860, was the 
perforated pipe. Lengths of perforated 
pipe were placed close to the ceiling 
and divided into sections, each section 
being controlled by a valve located 
outside of the building. Naturally 
there was a great waste of water and 
the systems were in no way automatic. 
The automatic sprinkler was first 
used extensively about 1874 and since 
then hundreds of patents for sprinklers 
have been taken out but there are 
today only about twelve on the 
approved list of the National Board 
of Fire Underwriters. The modern 
sprinkler is a device which, when heated 
to a predetermined point, will automati- 
cally release and distribute a stream 
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of water. This releasing is accom- 
plished by the melting of a solder link 
which fuses at a temperature of about 
one hundred fifty-five degrees F. 

The water is fed to the sprinklers 
by a system of piping attached to the 
ceiling, the sprinklers being placed 
upright at intervals along the pipe, 
one sprinkler to protect eighty square 
feet of floor area. The spacing of 
sprinklers and sizes of pipes are 
governed by well-defined rules issued 
by the Fire Underwriters and based on 
extensive study and experience. It is 
essential that sprinklers be placed 
throughout the building that there 











AUTOMATIC SPRINKLERS INSTALLED IN A 
FIRE RESISTIVE BUILDING 


may be no place where the water from 
a sprinkler cannot strike the seat of 
the fire. 
Concealed Spaces 

So far as possible these spaces should 
be omitted in new construction and 
eliminated in existing buildings. The 
danger is in the practically uncon- 
trollable spread of fire in concealed 
joist channels and behind wood furring. 
If wood, lath and plaster or metal 
sheathing must remain it should be 
kept in good repair so fire cannot 
readily get into the concealed spaces. 
Concealed spaces on ceiling: The 
joist spaces to have plank “stops” at 
intervals not exceeding thirty feet. 
Concealed spaces at walls: To be 
tightly shut off. at each floor by heavy 
plank “stops” or two courses of brick. 
Skylights 

Burning brands and other material 
easily break the plain glass skylights 
and fall into the building. The method 
most widely used to protect against 
this hazard is to substitute wired glass 
not less than one-quarter inch thick 
for the plain glass. Another method 
is to place heavy wire screens over the 
glass. Screens to be firmly supported 
on iron rods or angles six inches from 
glass. Finer screens should be placed 
below to protect persons from falling 
glass. 
Unprotected Wall Openings 

The importance of fire walls in 
preventing the spread of fire and the 
fact that they are liable to be severely 
exposed to fire for considerable periods, 
makes it essential that all openings in 
these walls be protected by the most 
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efficient methods. All existing 
openings which cannot be perma- 
nently closed should be protected by 
“approved” fire doors on each side of 
the wall. The most common type 
of fire door in use is the two or three- 
ply wood, tin clad door. This door 
is two inches to three inches thick 
and is substantially constructed, prac- 
tical under most conditions and easy 
to install. Doors on both sides of the 
wall furnish a high degree of resistance 
to fire. These doors are hung on heavy 
hardware securely fastened to walls. 
Either the sliding or swinging type 
of door may be used. All doors should 
be equipped with an automatic closing 
device which is arranged so that when 
releasing device, a fusible link is 
operated by heat, a sufficient excess in 
weight is exerted, by the releasing of 
iron weights, to pull and latch the 
door closed. All other openings 
through walls such as shafting and 
belt holes should be made as small as 
possible, and in the case of openings 
for fairly large belts, the openings 
should be protected by two approved 
sliding doors coming together in the 
middle of opening. Slots in the doors 
are provided of sufficient size to permit 
the free passage of belt. 

Unprotected exterior wall openings in a 
building which is, or liable to be, 
subject to an appreciable exposure 
are a constant menace. 

Windows, especially, need protec- 
tion, not only against fire in other 
buildings, but also to prevent fire 
spreading from story to story through 
wooden window frames and plain glass 
windows. Perhaps the most popular 
method now in use to protect window 
openings is by wired glass windows in 
metal frames. It has often been 
demonstrated that for severe exposure 
double protection is needed such as 
(a) “approved” wired glass windows, 
protected by tin clad or sheet metal 
shutters; (b) “approved” wired glass 
windows and_ window sprinklers. 
Generally speaking a single form of 
protection will suffice either the wired 
glass window or window shutter. The 
advantage of the wired glass windows 
over shutters is the fact that they are 
generally closed, ‘at least at the end 
of the day; they can be quickly and 
easily operated; are not unsightly, and 
can be used on all windows except 
show windows. 

The importance of providing ade- 
quate protection for openings in 
divisional and exterior walls cannot 
be too forcibly emphasized. When 
automatic fire extinguishing equip- 
ment fails and fire departments cannot 
stop the fire, fire walls and protected 
wall openings are the last line of 
defence. 

When the building has been struc- 

(Continued on page 374) 











ASTE by non-commercial stan- 
dards might be either some- 
thing of no valueto be dis- 

carded or something of some value 
avoidably or unavoidably lost. Gar- 
bage for a modern city dwelling 
family is of no value. Its possible 
values as fats, fertilizer, etc., do not 
exist for them, since they cannot be 
profitably recovered on a small scale. 
The sifting of ashes, prohibited in 
some thickly settled sections, repre- 
sents a possible recovery of fuel value 
that is lost, not because the value does 
not exist in a form practical to recover, 
but because arbitrary rules prevent. 

To the manufacturer waste is en- 
tirely an economic factor that may 
range from the spent liquors of chemi- 
cal plants or tanneries to by-products 
such as glue and tankage from the 
packing industries, and major prod- 
ucts such as cotton or linseed oil from 
the cotton and flax industries. Waste 
recovery methods have, of course, 
been forced on certain industries due 
to the noxious or poisonous character 
of their wastes, but the commercial 
vision does not readily see wastes in 
any other form than the black or red 
figures of profit or loss. It is the 
vision of the engineer or inventor that 
finds a lure and an opportunity in 
apparently valueless material heaped 
in dumps or flowing in drains. 

On a still larger plan the cycle of 
creating and recovering wastes can 
be seen to follow the specialization of 
our industrial life. Within the life of 
men now living millions of feet of our 
finest hardwood forests have stewed to 
charcoal in crude “Beehive” ovens or 
were heaped and burned en mass to 
clear the farm lands. Clouds of 
fumes distilled at the higher tempera- 
tures of smelting poured from the 
stacks of metal reduction works and 
devastated the surrounding vegeta- 
tion. Raw material for a hundred years 
of color production has been vented 
from coking ovens, With new indus- 
tries developing came vast dumps of 
culm or dirt from coal mines. Spoil 
from mines and smelters encumbered 
the ground or washed into streams. 
Packers and tanners polluted other 
streams with noxious solid and liquid 
matter. Filters set to make the sewer- 
age of towns and cities innocuous 
. were in turn clogged and rendered 
ineffective by scouring wastes from 
woolen mills. Sanitary as well as 
economic reasons gradually forced 
industries to make their wastes harm- 
less or turn them to profit. The pres- 
sure came from without rather than 
from within, and just so long as a 





THE TECH ENGINEERING NEWS 


INDUSTRIAL WASTE RECOVERY 


By WILLIAM J. ABBOTT, Jr., ’06 
Research Engineer, Wilton, New Hampshire 


bustling public did not find itself too 
inconvenienced or the push of necessity 
was not too keen, the manufacturer 
or raw products producer took the 
line of least resistance. 

Gradually, however, one industry 
after another has had to fall into line 
and find that to survive, every particle 
of material on which labor was ex- 
pended or processing was performed 
must return a profit. The old rule of 
thumb operator could not analyze the 
new conditions of processes or labor 
reactions, so chemists or engineers had 
to be added to manufacturing staffs 
until today practically every major 
industry has built into it the organized 
principle of the saving of every dribble 
of capital or labor expense. The chief 
laggards today are probably the tex- 
tile industries, the tanners and the 
farmers, including in this last the pro- 
ducers of rubber, cocoanut oil and 
similar raw products now being pro- 
duced in part under scientific control. 
It is true that these industries labor 
under certain handicaps of long estab- 
lished procedure, and lack of markets, 
or what is the same thing, the lack of 
advertising or creation of new uses 
for their wastes. The tanner as well 
as the farmer, both operating indus- 
tries as old as recorded history, have 
had to fight up through an incrusta- 
tion of ages of rule of thumb empirical 
methods, secrecy and ignorance. We 
can wonder who discovered and put 
into operation the first “back to the 
farm” cycle with the return to the 
soil of the manure of man and beast, 
a cycle now uneconomic in many 
countries through the development 
of chemical fertilizer and power pulled 
farming implements. The tanner work- 
ing generally with one of the major 
products of the food industry has yet 
failed to establish any economic cycle 
and aside from a few minor products 
such as degras, the spent grease from 
oil tanning, his waste is still a nuisance. 

The latest, and what may seem to 
us now the final, step in the handling 
of wastes, has come with the use of 
research, a further specialization of 
the work of the chemist and engineer. 
Taking the application of technical 
methods as a premise and establishing 
them as a means to directly examine 
data from the daily running of the 
plant and that taken under experi- 
mental controllable conditions the 
research worker has pushed along 
definitely chosen channels by the 
accretion methods of scientific inves- 
tigation. The work of investigation 
has followed two main methods, one 
the deduction of working principles 
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from the mass of undigested facts 
available and the other the speculative 
bridging over new ground for unsus- 
pected relations and their quantitative 
measurement. 

The research laboratories stimulat- 
ing the electrical, chemical and photo- 
graphic industries, probably represent 
the most highly developed types. 
Their relation to the problem of 
wastes seems less direct only because 
the problem has expanded into such 
an intimate network, touching every 
operation, so that it has almost ceased 
to be an entity. Crude wastes have 
practically ceased to exist in the high- 
est industry types, having either been 
raised a stage to by-products or a 
further stage to principal products. 
The location of a smelter working 
sulphide ores may be conditioned as 
much by a market for sulphuric acid 
as by its location to the ore beds. 
The Ford Motor Company, with the 
completion of its steel making plant, 
wood distillation plant. and other 
refinements represents an approach 
to the ideal wasteless industrial unit. 
Were our interdependent but separ- 
ately managed industries operated on 
a similar co-operative plan the United 
States could save enough to wipe out 
its national debt in the life of one 
administration. 

We can look forward with consider- 
able confidence to a more and more 
complete elimination of wasted effort 
and material and to a constantly 
widening field of effort. Present and 
future generations of technologists 
specializing on wastes will multiply and 
diversify, but need have no fear of 
working themselves out of a job or 
losing the material for combat neces- 
sary to keep them mentally fit. 


Orders Aggregating %$200,000,000, 
have been placed in this country by 
the Japanese since the earthquake. 
The great bulk of all orders placed by 
Japan has come to the United States. 
While a portion of this business reflects 
Japan’s appreciation for the aid ex- 
tended by this country at the time of 
the disaster, it is thought to have been 
influenced mainly by the willingness 
of American manufacturers to quote 
pre-disaster prices. In other countries 
bids reflected the sharp advance in 
materials which came with the antici- 


pation of the Japanese demand. 
— Power. 
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THE HIGH SPEED CAMERA 


Sis generally known the standard 
rate of motion picture cameras 
is sixteen exposures per second. 

Several very good cameras have been 
made, both here and abroad, which 
increase this speed to a maximum of 
eight to ten times normal speed, 
which is as fast as the film-moving 
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FOUR THOUSAND PICTURES A SECOND HAVE 
BEEN MADE WITH THIS CAMERA 





mechanism can be made to go. The 
Bell and Howell ¢amera, an American 
product, is doubtless the best example 
of this type of intermittent camera. 

These pictures, which have come 
to be known as “slow motion pictures”’, 
because of the comedy pictures ob- 
tained thereby, have come into con- 
siderable use in the theatre. They 
have, however, been of little value 
in science and engineering, because the 
speed of the film through the camera 
is too slow to be of any great value. 
They are comparable to examining a 
small object under a reading glass, 
when a microscope is needed. For 
this reason several attempts have been 
made to build higher speed cameras, 
but because it is obvious that con- 
tinuous motion of the film is the only 
possible method, this is the method 
which has been adopted in all such 
efforts. 

A German camera of this type has 
been made in which a series of mirrors 
are caused to travel in synchronism 
with the moving film, but as the 
introduction of the mirrors between 
the film and the lens limits the camera 
to a comparatively long focus lens, 
the speed was materially and definitely 
limited by this factor. It is reported 
that five hundred pictures a second 
can be made with this camera, using 
a single lens and single strip of film; 
that double this speed can be obtained 
by using two strips of film, two lenses 
and two sets of mirrors. Aside from 
the complication and the necessity of 
a special projecting machine, the 
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resultant picture is not as acceptable 
as it would be if taken from a single 
point of view. 

A British camera has been built and 
recently tried out which has a disc 
carrying a plurality of matched lenses, 
all of which pass in succession in front 
of a constantly moving film and in 
synchronism therewith. The film is 
laid on the circumference of a drum 
twelve feet in diameter, which makes 
the machine not only very clumsy, 
but heavy. It is reported to weigh 
twotons. However, its greatest draw- 
back is the short length of film available. 
It would be possible to lap the film 
in a spiral around this drum, but that 
introduces additional complication, for 
the drum must be moved longitudinal 
of its axis, or an equivalent motion. 
This camera is capable of very high 
speeds, for short-focus wide-aperture 
lenses can be used. It is reported that 
pictures have been made at a speed 
of 5000 per second. 

The Jenkins high speed camera, an 
American product, has a lens disc 
with a plurality of matched lenses 
mounted therein, which rotates in 
front of a constantly moving film and 
in exact synchronism therewith. The 
film is, however, advanced past the 
exposure aperture with sprocketed 
drums. The length of film is, there- 
fore, not limited, and the camera is 
small andffportable, weighing, with 
its motor, only about one hundred 
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pounds. Speeds above 4000 per second 
have already been made with this 
camera, the limit in speed has not 
yet been discovered. (Patented in 
1894—No. 560,800, expired.) 

As will be noticed in the photo- 
graph, the camera is very simple in 
construction and ruggedly built, the 
lens carrier being on one end of a 
drill rod shaft and the driving motor 
on the other end of the shaft. The 
gears for coupling this shaft to the 
film sprocket shafts are made of 
hardened steel and of ample size. The 
motor is a battery motor, and, there- 
fore, the camera can be taken afield. 

Several new phenomena have already 
been discovered by the use of this 
camera; for example, in projecting 
pictures of a little girl with a skipping 
rope, it was observed that the rope 
loop after it dragged along the ground 
accelerated much faster than the 
other parts of the rope after it had left 
the ground. The question very nat- 
urally arises “where did it get the 
energy to accomplish this”. It was 
also observed that when a person 
jumps over a stick, not only does he 
light on his toes to absorb the shock, 
but that after his heels touch the 
ground he rises on his toes again and 
then lets himself down on his heels a 
second time. 

A close examination of a golf club 
swing disclosed that the club head 

(Continued on page 380) 
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THE PRACTICAL APPLICATION OF AN 


ENGINEERING EDUCATION 


By JOSEPH W. POWELL 


Director, The United States Merchant Marine League 


RESIDENT COOLIDGE says, 

“Civilization depends not only 

upon the knowledge of the peo- 
ple, but upon the use they make of 
it.” If knowledge be wrongfully used, 
civilization commits suicide. Broadly 
speaking, the college is not to educate 
the individual, but to educate society. 
The individual may be ignorant and 
vicious. If society has learning and 
virtue, that will sustain him. If society 
lacks learning and virtue, he perishes. 
Education must give not only power 
but direction. It must minister to 
the whole man, or it fails. 

President Fallon of Cornell Univer- 
sity says: “The object of education is 
not to teach men to make a living, but 
to teach men how to live.” 

In an address delivered last year to 
the student body at Princeton, Mr. 
Charles M. Schwab described his 
house on Riverside Drive, New York, 
a great stone palace occupying an 
entire block, filled with works of art, 
a home representing several million 
dollars of expenditure. He described 
his summer home at Loretta, Pa., with 
its private golf course and wonderful 
Italian garden with the house in the 
midst of century-old trees. He told 
how he had moved the old homestead 
from the site on which the new and 
costly house was to be erected without 
disturbing those fine old trees by jack- 
ing up the house and moving it out 
over the tops of those trees, and then 
he said “Boys—I don’t own that 
house in New York and that estate 
in Loretta. They own me!” He 
meant that these possessions were 
responsibilities, that they represented 
the ability to “make a living,’”’ but 
a8 not show that he “knew how to 
ive.” 

Very few of us foresee with accuracy 
the places in which our lives will be 
ordered. Our early hopes and ambi- 
tions are influenced by accident and 
environment and only a small propor- 
tion of us arrive at the end of the road 
by which we start. 

Two old men were talking over the 
circumstances of their lives. One of 


them said to the other, “Bill, has a 





single one of your childish dreams or 
desires come to full realization?” 
“Yes, Jim,” said Bill, who was totally 
bald, ““when I was a boy my mother 
used to cut my hair and the process 
used to be very painful. I always used 
to wish that I didn’t have any hair.” 

A large percentage of the men who go 
through college do not follow the 
vocation that they then choose as 
their life work. A lawyer becomes a 
financier and then an educator, a 
clergyman becomes an officer in the 
navy and an eminent engineer, a 
chemist becomes a salesman and then 
the president of a manufacturing 
company, and examples can be multi- 
plied indefinitely. My own class at 
the United States Naval Academy is 
illustrative. Probably even more than 
at Massachusetts Institute of Tech- 
nology, one would expect the members 
of a class at the Naval Academy to 
follow the naval profession. Of the 
forty-three living graduates of my 
class, twenty-nine are still on active 
duty. Of the others, there are two 
lawyers, four farmers, two manufactur- 
ers, two engineers, one college professor 
and three in miscellaneous vocations. 
Evidently the education obtained by 
these men who have left the service 
is not the best suited for their present 
callings. A considerable part of it is 
largely wasted and other parts not well 
applied. 

One good reason why general educa- 
tion is so necessary as part of the best 
specialized course is that we cannot 
be sure that the special tools, with 
which our workbox is being filled, will 
really be the ones best suited to our 
work in life. 

I could never get up much enthu- 
siasm over French and Spanish. In 
following a career as a Naval construc- 
tor I did not foresee any great reason 
for their usefulness. But, after leaving 
the naval service, my shipbuilding 
work took me to Europe and after- 
wards to Cuba where my poor knowl- 
edge of these languages was valuable 
and where I had occasion to bitterly 
regret that I did not know them inti- 
mately. 


There are, however, some branches 
of learning that afford assurance that 
the future will bring an ample dividend 
for the time invested. To know how 
to think straight and then to put 
those thoughts in orderly, convincing 
fashion, either orally or in writing, are 
factors of highest importance. More- 
over, these primary essentials are quite 
generally overlooked, and I remember 
very well my reluctance to take time 
from professional studies for English, 
for literature, and my entire abhorrence 
of the idea of public speaking. Every 
one of you men here before me needs 
ability to speak clearly and to write 
convincingly as of primary value in 
your educational equipment. 

In my experience in business it has 
been a continuing surprise to me to 
find how few of my men could tell or 
write a simple narrative of facts, or 
could set forth a line of reasoning to 
a well ordered conclusion so that it 
was easy to follow them. It is also 
very interesting that most of the men 
of large affairs are gifted in these par- 
ticulars. Make no mistake — to be 
able to think is the foundation of 
education, but to be able to write and 
speak these thoughts are two corner 
stones to put on that foundation. 

Two lawyers were arguing a case in 
a South Dakota court. One was a 
stranger from Texas, a brilliant young 
man who all day long had pointed the 
barb of his sharp wit at the older, 
slower local lawyer, who found himself 
at a grave disadvantage against his 
cleverer antagonist. When the older 
man arose to address the court towards 
the end of the day he said “Your 
Honor, this young man from Texas 
has treated me with scant respect and 
courtesy during the progress of this 
trial. He has made fun at my expense 
and has held up my words to ridicule, 
but after all, your Honor, I have no 
high opinion of this young man. He 
reminds me of a story told about 
another resident of Texas. This man 
had a friend living in a small town in 
South Dakota whose little son was 
very anxious to own a horse. The 
Texan had on his ranch a number o 
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little burros and decided to send one 
as a present to his friend’s son. He 
boxed up the little animal, put him in 
an express car and wired South Dakota, 
‘Am shipping by express today burro 
which hope you will accept with my 
compliments.’ The word ‘burro’ was 
misspelled in transmission, so the 
wire arrived, ‘Am shipping you by 
express one bureau,’ etc. The express 
company in due course informed the 
South Dakotan that a shipment had 
been réceived for him. He went to 
the station, saw the crate marked with 
his name, saw the pair of big ears 
sticking up between the slats, looked 
at the little animal and said, ‘Well, 
you may be a bureau in Texas, but 
you're just a plain jackass in South 
Dakota.’” And that story probably 
won the South Dakotan his case. 

No education can replace common 
sense. The best equipped man devoid 
of this quality is poorly off indeed. 
Probably every one who speaks in 
this course of Aldred Lectures will 
point this axiom, but nothing is more 
important. It is the third cornerstone 
on our foundation of straight thinking. 
One of the Massachusetts Institute 
of Technology graduates tells the 
story of the building of a retaining 
wall by the New York, New Haven & 
Hartford Railroad. The wall had to 
be built in fairly deep water where 
there was a swift current, too swift for 
a diver to work. The water was clear, 
but too deep to permit setting of the 
stones from the surface. Several 
engineers looked over the job, shook 
their heads and went away without 
a plan. Finally an old and uneducated 
divisional foreman offered to build 
the wall. He set to work and in a very 
short time at a very reasonable cost 
the job was done. His chief sent for 
him, congratulated him and then said, 
“How did you do that job when the 
current was too swift for a diver and 
the water too deep to see?” “Oh!” 
said the old foreman, “I just painted 
the top of each stone white and then 
the water wasn’t too deep to see them 
as we put them in place.” 

The fourth cornerstone of our build- 
ing is our technical education along the 
lines of the chosen profession. There 
again, I am afraid there is far too much 
tendency to specialize too minutely 
rather than to make the education a 
firm basis for future study. For some 
years I have had the honor of sitting 
with the Advisory Committee of the 
Naval Architectural Course of this 
institution and have advocated the 
stressing of the general education 
rather than too much emphasis on the 
highly specialized work. For instance, 
each shipyard employs one naval 
architect, who is, or should be, a highly 
specialized technician. In an industry 
of the size of shipbuilding, two or 
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three men graduating every year 
would more than suffice to make up 
the vacancies in this profession. In 
each of these shipbuilding companies 
there are dozens of executive positions 
calling for a general knowledge of the 
theory and practice of naval archi- 
tecture and of its application. There 
is, in my judgment, too strong a ten- 
dency to carry specialization too far 
in undergraduate work. The depart- 
ment itself should carry out original 
research assisted by post-graduate 
students, and such work should not 
detract from the instruction in broad 
principles that should represent the 
primary object of a_ well-balanced 
engineering course. May I point out 
an example from my own experience? 
After a four-year course at Annapolis, 
I took three years of highly specialized 
post-graduate work and was theoreti- 
cally equipped as a ship designer. Just 
once in my entire twenty years in 
shipbuilding did I find myself in a 
position where I had to design a ship, 
and even then I could probably have 
hired some one else who would have 
done a better piece of work if I had 
not been equipped with the necessary 
ability to do it myself. 

Do you gentlemen give yourself 
time each day to read the vital news — 
to keep abreast of the times, to form 
a considered opinion on the Bok 
peace plan, the Mellon tax bill and 
the hundred and one vital matters 
that are going forward? I remember 
very well that in my academic days I 
never missed the sporting page, yet 
when Cleveland sent his Venezuelan 
message to Great Britain, it came as 
a complete shock — as the first front 
page item I had bothered with in days. 
Would not a weekly lecture on current 
events be time well spent in any edu- 
cational course? 

The whole field of technical educa- 
tion expands from year to year at a 
truly astonishing rate. When I was 
studying electricity in the middle nine- 
ties, it was possible within the time al- 
lotted to the subject, to cover a com- 
prehensive course that dealt with the 
entire science as then developed. Today 
this same course would be most ele- 
mentary! Whole branches of electrical 
knowledge more extensive than the 
entire course of thirty years ago are 
now included in the known art. No 
man today can cover the known field 
and specialists are recognized in many 
parts of this specialty. A man could 
spend his entire waking hours study- 
ing the developments in electricity 
and yet fail to keep abreast of the times. 

We humans are embarrassed and 
handicapped by the sad fact that the 
capacity of the human brain does not 
increase while the store of physical 
knowledge grows day by day with 
increasing rapidity. I asked Doctor 
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Angel of Yale one day last spring 
whether a greater amount of knowl- 
edge could be stored in a college head 
today than a generation and a half ago. 
He replied, “Why, Mr. Powell, the 
human brain has not increased appre- 
ciably in capacity in the last thousand 
years.” 

So undergraduate education today 
calls for a careful selection from the 
vast store of accumulated knowledge 
of so much of the available subjects 
as will best equip us to meet our prob- 
lems in life. It means, so far as every 
college course is concerned, the build- 
ing of a solid foundation upon which 
can be erected a structure that should 
grow as long as man is alive. Educa- 
tion only begins in our universities 
and technical schools. Your thoughts 
of study and your desire to learn can- 
not be put away when you receive 
your degree. However carefully the 
course of study may be devised, much 
of it will not precisely fit the later 
need. Much of it will, however, give 
the unconscious mental equipment 
that leads to reasoned thought and will 
thus be of prime value in turning out 
the well educated technical man. 

Straight thinking is our foundation 
of education with four cornerstones — 
ability to tell one’s thoughts, ability 
to write one’s thoughts, common sense 
and a broadly specialized education. 

When Doctor Fallon said that edu- 
cation was “not to teach men how to 
live,” he emphasized an axiom. The 
man who uses his education only to 
make a living is unfortunate indeed. 
This world is full of interesting things. 
I can imagine that a good knowledge 
of astronomy would be of infinite 
interest. Geology is a science that 
has ever called me. But life is too 
short and too many other matters 
press to make the pursuit of these 
subjects possible to me. The wise or 
fortunate man finds his life work in a 
direction that arouses his keenest 
interest. Does he love construction 
work, he follows engineering. Is 
chemistry his greatest interest, he is 
a chemist. The man who cannot go 
to his business each day with a keen 
interest in what the day will bring 
forth, and with a love for the work hehas 
set out to do, is indeed an unfortunate 
man. If his daily task is merely to 
make him a living, he has become a 
drudge. If it is to bring him the full 
measure of happy associations and 
proud accomplishment, there must be 
something in it besides a living. We 
must earn our bread by the sweat of 
our brows, but there is every reason 
why we should get a large measure of 
pleasure out of the process. 

Many of the young men who enter 
this institution have chosen the point 
of departure of their life work. But my 

(Continued on page 369) 





HE public character of railroad 
transportation and its intimate 
relation to the life of all industry, 

as well as all individuals, justify, if 
they do not necessitate, its regulation 
by federal and State authorities. A 
study of railroad regulation in the 
United States shows that there have 
been three distinct periods, in each of 
which, public policy has exhibited a 
different conception of how the carriers 
should be treated in the public interest. 

Railroad construction in this country 
may be said to date from 1830. By 
1890, 163,597 miles of road had been 
built; from 1890 to 1910, 76,696 miles 
were built; since 1910, there has been 
comparatively little construction of 
new roads, the present mileage being 
250,480 miles of road. In the early 
years, there was complete freedom 
from regulation and, on the contrary, 
a definite policy of encouragement to 
railroad promotion. Great induce- 
ments, such as land grants and other 
bonuses, were held out to individuals 
and companies engaged in railroad 
construction. The policy of encourage- 
ment prevailed practically until 1887, 
when Congress passed “An Act to 
Regulate Commerce.” This marked 
the beginning of the second period, 
which became one of increasingly 
intensive regulation of railroad financ- 
ing, operation and rates. The act 
created the Interstate Commerce Com- 
mission and prohibited unreasonable 
and discriminatory rates. But the 
first law which gave the commission 
power to fix rates was the “Hepburn 
Act” of 1906, which also increased 
penalties and forbade discrimination 
and rebates in the form of passes or 
unfair allowances to shippers. This 
act has been amended from time to 
time and is the basis of our present 
Interstate Commerce laws. 

State regulatory statutes had been 
multiplying rapidly since the eighties, 
and they, together with the growing 
intensity of federal regulation, began, 
during the first decade of this century, 
to seriously affect railroad prosperity. 
The effect of this progressively restric- 
tive legislation was substantially to 
increase the cost of railroad operation. 
A concurrent circumstance of great 
importance was the gradual increase 
in wages and in the prices of materials 
and supplies. But the regulatory 


bodies which were imposing more and 
more conditions adding to operating 
cost, did not take these things into 
consideration when fixing rates. Dimin- 
ishing rates and increasing costs had 
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created a situation by 1909, which 
indicated the necessity for a substantial 
increase in rates. This led to the 
applications for rate increases in 1910 
which were denied by the Interstate 
Commerce Commission. The denial 
constituted a serious and unusually 
widespread manifestation of a restrict- 
ive policy which rapidly discouraged 
and slowed down railroad promotion 
and expansion, and finally stopped it 
altogether. Railroad credit became so 
impaired that new lines could not be 
financed successfully, and improve- 
ment and enlargement of facilities 
could not keep pace with the growing 
needs of commerce. 

By 1915 it became apparent that 
the public interest was not being well 
served by this drastic and _ hostile 
policy, and Congress began what 
proved to be the most thorough inves- 
tigation ever given the transportation 
question by any legislative body in 
this country. The War resulted in the 
roads being taken over and operated 
by the Government from January, 
1918, until March, 1920. It gave 
opportunity for an experiment in 
Government operation, which resulted 
in a practically unanimous public 
sentiment in favor of a return to 
private management. 

The investigation begun by Congress 
in 1915 was resumed after the War, 
and came to fruition in “The Trans- 
portation Act, 1920” which became 
effective March 1 of that year and 
marks the beginning of the third 
period. This period represents a 
public policy toward the railroads 
different in several important respects 
from any that preceded it. The 
Transportation Act further amended 
the basic “Act To Regulate Com- 
merce,” and this latter act, as 
amended, together with the new 
provisions of the Transportation Act, 
constitute the law under which the 
railroads of the United States now 
operate. The new provisions of the 
Transportation Act rest upon the 
theory that private ownership and 
operation, with Government regula- 
tion, will give the public the most 
satisfactory and cheapest railroad 
service. ‘They call for service at cost. 
In cost of service, however, is included 
fair compensation for the use of the 
railroad property. 

Here the interest of the public is 
carefully protected. The amount, upon 
which a fair return is permitted, is that 
which the Interstate Commerce Com- 
mission itself finds to represent the 
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value of the property devoted to 
transportation purposes. This, of 
course, disregards entirely, the amount 
of stocks and bonds outstanding, but 
is based upon an investigation and 
study of the elements of value in each 
railroad property. The Interstate 
Commerce Commission, from time to 
time, determines what it then considers 
a fair rate of return upon the ascer- 
tained value. At present, the return 
named is 534 per cent. As a base 
for the freight rates and passenger 
fares intended to produce the results 
contemplated by the law, the aggre- 
gate value of all railroad property 
used for transportation purposes in 
the United States, or in certain rate 
making groups, is taken and no con- 
sideration is given to the earning 
requirements of any individual rail- 
road. Thus, the intention is to give 
the public the benefit of rates just 
high enough to enable the railroads 
as a whole, or in groups, to earn a fair 
return upon the aggregate value of 
railroad property. The public is 
further safeguarded by what is called 
the “Recapture Clause,” which pro- 
vides that should any individual 
railroad earn in excess of 6 per cent 
in any year, it must pay one-half of 
such excess to the Government. 
Another important section, which 
indicates a complete reversal in public 
policy, provides for consolidation of 
the railroads of the United States 
into comparatively few systems. Until 
prohibited by the “Anti-Trust Act” 
of 1890, the process of consolidation 
was proceeding as a logical and natural 
evolution, because of the economies in 
operation and the advantages in 
service it afforded. The large railroad 
systems, as they exist today, include 
what were many smaller roads. As 
specific instances, the Chicago, Bur- 
lington & Quincy Railroad, with 9,000 
miles in line, comprises what were 178 
companies; the Great Northern, with 
8,000 miles, 64 companies; and the 
Northern Pacific, with 6,500 miles, 
102 companies. The Great Northern 
and the Northern Pacific, which 
together had acquired the Burlington, 
were prohibited by the Sherman Act 
from merging into one system. After 
having been thus arrested for twenty 
years, consolidation was found, by the 
study which led to the passage of the 
Transportation Act, to be a desirable 
thing and, therefore, was provided for 
and encouraged in that law. 
Consolidation into a smaller number 
of well-balanced systems will also 
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facilitate public supervision of the rail- 
roads, which is very difficult when there 
are sO many companies varying so 
greatly in their ability to earn a 
reasonable return from uniform rates 
and under uniform regulations. The 
provision for basing rates on aggregate 
value and average conditions within 
certain territories, and that for sur- 
render of one half the net earnings 
of any company above 6 per cent on 
the value of its property, clearly are 
intended to equalize regulative meas- 
ures, and to help solve the problem of 
fixing rates high enough to permit 
some roads to survive without permit- 
ting others to make an excessive profit. 
The plan for consolidation of the one 
hundred large and several hundred 
small roads into approximately twelve 
systems, so constituted as to include 
some strong and some weak roads in 
each system, is founded on the same 
principle and is intended further to 
simplify the administration of the 
laws governing the railroads. 

The Transportation Act attempts, 
on the one hand, to insure to the 
public uninterrupted service and, on 
the other hand, to insure the railroad 
employees against any disadvantage 
from the assumed fact that they 
should not desert their posts. A 
Federal Railroad Labor Board is 
established to hear and decide differ- 
ences and_ controversies between 
employer and employee. It may make 
findings and issue orders, and may 
publish the facts relating to violations 
of its orders; but it is without authority 
otherwise to enforce them. Public 
opinion is, relied upon largely to bring 
about the acceptance of the Labor 
Board’s orders by both parties. Not- 
withstanding the fact that one of the 
most expensive strikes ever experienced, 
has occurred since the Labor Board 
came into existence, it is fair to assert 
that the Labor Board does constitute 
a considerable guaranty that trans- 
portation service in the United States 
shall not be interrupted by strikes, 
and that it does guarantee to the 
employees that they will not be obliged 
to accept any reductions in pay or 
changes in working conditions, which 
the railroad managements may attempt 
to force upon them, without review 
and approval by an impartial tribunal. 

Reduced to tabulated form, the 
following are some of the most impor- 
tant requirements with which the 
railroads must comply under the laws 
at the present time: 

They must not: without first obtain- 
ing permission, change freight rates 
and passenger fares; decrease wages of 
employees; change working conditions 
of employees; abandon unprofitable 
train service; issue any new securities; 
remove any existing lines; construct 
any new lines; consolidate; have same 
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directors or officers as another carrier 
even though that carrier is owned or 
controlled; operate ships on the Great 
Lakes. 

They must not: operate ships through 

the Panama Canal. 
- They must: detail purposes for 
which funds realized from sale of 
securities are expended; surrender one 
half of all net earnings in excess of 
6 per cent on their value; install experi- 
mental devices when ordered; make a 
great number of very elaborate monthly 
and annual reports covering financial 
results, operating statistics, boiler 
inspection, accidents, etc.; publish 
tariffs according to strict rules; change 
basis of dividing through rates between 
carriers when so ordered; furnish 
switch connections. 

Various bureaus of the Interstate 
Commerce Commission have charge of 
administering many of these require- 
ments, such as hours of service, 
methods of keeping accounts, applica- 
tion of safety devices, observance of 
air brake requirements, condition of 
locomotives, and other details. The 
bureaus enforce these regulations by 
means of inspectors scattered over the 
country and the railroads are penal- 
ized by severe fines for violations. 

In addition to federal supervision 
almost every State has its Public 
Service or Railroad Commission enforc- 
ing innumerable statutes. These state 
commissions, as a rule, have power to 
order the stopping of trains at particu- 
lar stations, the improvement or 
enlargement of station buildings and 
other station facilities, and also to 
stipulate the extent and kind of 
service to be provided. 

These, in outline, are the conditions 
imposed upon the railroads. Working 
under and in compliance with them 
the task of railroad officials is to find 
a way to satisfy the transportation 
needs of the country. 

What may be called “External” 
problems are those arising between the 
Government regulatory bodies and 
the public generally, on the one hand, 
and the railroad management on the 
other. For example, there is constant 
pressure to reduce rates. Information 
must be furnished to the Interstate 
Commerce Commission showing the 
effect of these proposed reductions and 
why many of them cannot be made. 
Adjustments of rates often are neces- 
sary and always are being made to 
meet varying needs and circumstances. 
A large share of the time of some of the 
officers and other employees is con- 
stantly given to such questions. 
Another example is the valuation of 
the railroads by the Interstate Com- 
merce Commission, which has been in 
progress for the past nine years. 
Hundreds of millions of dollars are 
involved here: Indeed, the solvency 
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of probably more than half of the rail- 
roads hinges upon the findings in this 
undertaking. Some idea of the extent 
of this work may be had from the 
fact that about ninety million dollars 
has been expended upon it, about 
three fourths of this sum having 
been spent by the carriers and one 
fourth by the Government, and it is 
not nearly done. The alarming increase 
in taxes, and especially the tendency 
in some localities to pass an inordi- 
nately large part of this burden to the 
railroads, requires that the matter of 
taxes be given most careful attention. 
In some cases, taxes amount to over 
10 per cent as much as all operating 
expenses of the railroad. 

In addition to these subjects, a 
large amount of time is given to the 
keeping of accounts and records in 
the prescribed manner, and to the 
making of numerous reports. A large 
force is also engaged in inspecting and 
reporting on safety devices. These 
details are mentioned only to indicate 
in a general way the things that must 
be done. by the railroads, extraneous 
to the productive management of 
their properties, and of a character 
that the ordinary business does not 
need to consider. In the case of a rail- 
road, these so-called “external” prob- 
lems may be and often are vital to its 
prosperity, and may threaten its 
very life. 

But we are more concerned here with 
those which the officials are free to 
deal with according to their own dis- 
cretion and which may be called 
“internal” problems of management. 
In handling these “internal” problems 
in an endeavor to reduce the cost of 
railroad operation, lies the greatest 
opportunity of the railroad official 
for the exertion of individual initiative. 
Whether this field shall be unduly 
restricted or not has a controlling 
influence upon the attractiveness of 
railroading as a life work. 

Within the limitations prescribed 
by law, the officials of each individual 
railroad must strive to get and keep 
the cost of operation down to a point 
where the rates permitted will yield 
a fair return upon the value of the 
property used for transportation pur- 
poses. Since rates are based on the 
aggregate requirements of large groups 
of carriers, the concern of the indi- 
vidual road is its cost of producing 
transportation as compared with the 
average of such cost on the roads in 
its rate making group. 

The principal divisions of railroad 
operating expenses are: Conducting 
transportation, which covers the direct 
cost of train operation, such as dis- 
patching trains, wages of crews, fuel, 
and locomotive and car _ supplies, 
and makes up about one half of all 
operating expenses; maintenance of 
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way and structures, which covers the 
maintenance and repair of all fixed 
property and accounts for about 
18 per cent; and maintenance of 
equipment, which covers the upkeep 
of locomotives and cars and comprises 
about 27 per cent; traffic, general, 
and miscellaneous expenses make up 
the remaining 5 per cent. 

Freight service is by far the most 
important item to a railroad, account- 
ing for almost four times as much 
revenue as passenger service on the 
typical road, although this proportion 
is somewhat less in some regions, 
notably in New England. Further- 
more, the expense of passenger service 
is largely fixed, since the trains are 
run on regular schedule whether the 
volume of traffic is large or small. On 
the other hand, in carrying freight 
the amount of train service is increased 
to accommodate the volume of traffic, 
and it is in this field that there are 
the greatest possibilities for controlling 
costs, 

In freight service, a railroad manu- 
factures train-miles, but sells . ton- 
miles. The revenue received is 
dependent not only on the tons of 
freight handled, but also upon the 
distance carried, and the product of 
each ton carried by the miles it is 
moved gives the ton-miles produced 
in that movement. ° 

The common units of cost looked 
upon by operating officials as indices 
of relative operating efficiency are the 
cost per net ton-mile of conducting 
transportation, and the cost per net 
ton-mile of all operating expenses, 
including transportation. 

Freight transportation cost may be 
reduced by: 

(a) Increasing the size of trains. 

(b) Reducing train delays on the 
road and at terminals. 

_ (c) Reducing the amount of switch- 
ing. 

(d) Avoiding congestion. 

(e) Heavier loading of cars. 

(f) Careful use of fuel. 

Size of trains may be increased by 
reducing the ruling gradient, by using 
larger locomotives, and by running 
trains more slowly. It is a _ nice 
problem to determine the extent to 
which train speed may be increased 
at the expense of tonnage; and this 
problem has become very different 
under time and one half allowances 
and the Sixteen Hour Law. In this 
also is involved the speed at which 
fuel consumption will be at a minimum. 

Especially on roads having com- 
paratively light traffic, and conse- 
quently long stretches of single track, 
and on roads with heavy gradients, 
the question of train delay becomes 
very serious. Some of the remedies 
for such delays, stated in approximate 
order of application, are: 
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(1) Careful dispatching to avoid 
bunching of trains at certain times of 
day, or at certain places. 

(2) Education of train and engine- 
men in the necessity for team-work 
in the handling of trains, to reduce 
train delays and to promote safety. 

(3) Automatic block signals to pro- 
vide closer spacing and greater freedom 
of movement at meeting and passing 
points with safety. 

(4) Proper time interval spacing of 
passing tracks. 

(5) Double track, first at points of 
greatest traffic density, then from 
terminal yards to the first water 
station, and eventually continuously 
between terminals. 

Determination of which additional 
facilities should be provided and when 
is made in each case independently, 
because hardly any two cases present 
identical conditions. Not the least 
of the complications, especially on 
western transcontinental lines, is the 
sudden and violent fluctuation in 
traffic, which may be three times as 
dense in October or November as it is 
in February. Perhaps there may be 
need for a certain facility for six weeks 
in the fall of the year. It often 
becomes a difficult question to deter- 
mine whether the advantages for 
that short period justify the capital 
charges and upkeep for a facility not 
needed during the remainder of the 
year. 

It is estimated that a freight car 
stands still 85 per cent of its life, and 
spends only 15 per cent moving 
between terminals. Some of the time 
it is standing is while undergoing 
repairs, but even then it must be 
reckoned with in yard operation, for 
it must be switched out of the train 
to the repair tracks or shops and back 
into service again. 

Terminal detentions besides repairs 
are: Those at loading and unloading 
points; those at transfer points; and 
those at operating engine terminals. 
Prompt loading and unloading of cars 
to reduce terminal delays at origin 
and destination, and elimination of 
unnecessary delays at transfer points 
require codperation with shippers and 
with other railroads. Here is a great 
field for constructive work. The suc- 
cessful attention given to it during 
the year 1923 was in no small part 
responsible for the improved car 
supply and the resulting improved 
operating efficiency. 

Detention at operating terminals is 
peculiarly a transportation problem, 
and offers one of the best fields of 
endeavor left to the unhampered 
ingenuity of railroad management. 
Three principal methods of eliminating 
operating terminal delays are: 

(1) When the ruling grade is the 
same on two or more adjoining 
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engine runs, the engine runs may 
be lengthened. 

(2) When ruling gradients are dif- 
ferent on adjoining districts, motive 
power may be so assigned as to permit 
the same tonnage being handled on 
the different ruling grades, thus per- 
mitting trains to pass through the 
engine terminal intact. The proper 
assignment of motive power on a rail- 
road is at once one of the most difficult 
and most important duties of the 
chief operating officer. 

(3) Trains may be made up at the 
initial or starting point with cars 
switched together in order of destina- 
tion, and in train units which can be 
handled over the limiting engine 
district. To this unit cars may be 
added called the “annex,” to give the 
tonnage which can be hauled over the 
immediate engine district, this 
“annex”? being added to or reduced 
as necessity requires. 

The loading of equipment to its 
full weight or cubical capacity is very 
important and will result in great 
economies. For example, it costs 
approximately 50 per cent more per 
ton to haul freight if loaded in car- 
loads containing but fifteen tons than 
it does if loaded in carloads containing 
fifty tons each. The saving in equip- 
ment is tremendous when we realize 
that a gain or loss in loading of one 
ton per car represents a difference of 
eighty thousand freight cars in trans- 
portation service daily throughout the 
United States. Carload minima are 
fixed by tariff. Shippers, however, 
may be induced to load cars more 
heavily and good results have been 
obtained from efforts in this direction. 
In the proper distribution of cars, 
much can be accomplished by placing 
the small cars for the small loads, 
using the heavier capacity cars for 
heavy commodities or large loads of 
commodities shipped in bulk. 

One other matter of high importance 
is supervision of the loading, stowing, 
and handling of less than carload 
freight, also the supervision in general 
of the handling of carload freight 
with the object of avoiding loss or 
damage and the resulting claims by 
shippers. Here is a fertile field for 
constructive effort. 

The cost of fuel is about 12 per cent 
of the total operating expense, varying 
considerably with the geographical 
location of the road. Careful supervi- 
sion of the purchase and handling of 
coal offers opportunity for great sav- 
ings because of the large amounts 
involved. The use of specifications 
statin6 chemical content and b. t. u. 
requirements seems to be replacing the 
practice of specifying merely the dis- 
tricts or the mines from which coal 
shall be supplied. Expert firiag and 
exact recording of performance are 
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two of the methods used in saving fuel. 

An excellent example of the necessity 
for weighing different advantages 
against each other is the adoption and 
use of the mechanical stoker on loco- 
motives. Experience indicates that 
about 15 per cent more coal is used 
on an average when the same loco- 
motive is fired with the mechanical 
stoker than when it is fired by hand. 
But the large locomotive is beyond 
the capacity of one fireman, and 
even two firemen would have difficulty 
in keeping up steam on one of the 
largest locomotives operating on a 
long stretch of ruling grade with 
tonnage train. An advantage of con- 
siderable value with the mechanical 
stoker is the fact that it will keep up 
steam pressure under these circum- 
stances and the same type of loco- 
motive, after being equipped with 
mechanical stoker, may be given a 
higher tonnage rating than previously. 
So the item of fuel cost, which is a 
very large one, merits the best atten- 
tion of operating officials; and the 
technically trained man _ is_ best 
equipped for successfully answering 
many of the questions involved. 

Another field for initiative is that 
of service on branch lines where traffic 
is very light. The communities reached 
by branch lines require a service for 
both passengers and freight. To 
provide a less costly method of trans- 
portation over lines of light traffic, 
experiments are being made with 
self-propelled passenger cars, and some 
are being operated with fair success. 
There is opportunity here for inge- 
nuity on the part of operating officers, 
and the stake is large. 

These are some of the ways in which 
the cost of conducting transportation 
may be reduced. As that item repre- 
sents about half of the total operating 
expense of a railroad, it affords the 
largest single field for exercise of 
individual initiative, and owing to the 
character of the items that enter into 
it, the opportunity for economy there 
is probably greater than everywhere 
else combined. Some of the things 
mentioned are quite obvious; others 
may seem trivial; but when one thinks 
in terms of cost per ton-mile and when 
he realizes that four hundred billion 
ton-miles are made on the railroads 
of the United States each year, which 
means that a saving of one half a mill 
a ton-mile would produce a saving of 
two hundred million dollars a year, 
the importance of anything increasing 
economy in ton-mile cost is apparent. 

Maintenance of way and structures 
and maintenance of equipment 
together represent nearly as large an 
expenditure as conducting transporta- 
tion. Maintenance of way practice 
is fairly well standardized. The Pro- 
ceedings of the American Railway 
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Engineering Association, including the 
Manual of Practice, have promulgated 
widely the standards in use and those 
recommended, with the result that 
all of the principal railroads are 
standardized along similar lines, the 
variations being for adaptability to 
conditions prevailing on the different 
properties. The use of improved 
devices, like better rail joints, more 
and better rail anchors, treated ties, 
tie plates, etc., has reduced mainte- 
nance cost. So have the more careful 
drainage of roadbed and more careful 
selection and preparation of ballast. 
The extent to which these improve- 
ments are carried out depends upon 
the policy of the management, the 
character and density of the traffic 
handled, and the financial ability to 
adopt standards which represent ulti- 
mate economy, but at the expense of 
relatively large capital expenditures. 
The study of steel rail manufacture 
is itself a huge problem. 
Oxy-acetylene welding is an example 
of adapting a machine shop appliance 
to track work. For several years 
frogs and crossings have been repaired 
in place by this process, with great 
saving. More recently, battered rail 
ends have been rebuilt by welding, 
and obsolete rail joints replaced by 
those of modern design to prevent 
recurrence of the trouble. In this way 
extensive relaying of rails has been 
deferred for several years and a 
tremendous economy realized. 
Another improvement in mainte- 
nance practice is the extensive use of 
motor cars in place of hand cars for 
track and bridge forces. This has 
reduced the time spent en route to the 
place of work and conserved the 
strength of the men for productive 
effort. It has also made it possible to 
lengthen sections, thus reducing the 
number of gangs and the cost of main- 
taining headquarters. In all of these 
things, of course, judgment must be 
used to make sure that the saving 
justifies the expenditures. 
Maintenance of equipment con- 
stitutes more than one fourth of the 
total cost of operating a railroad. 
Its cost has advanced more in the 
past ten years than either maintenance 
of way or transportation, which 
perhaps justifies giving it special 
attention and study. Shops, of course, 
represent an immense investment. 
It may very well be that the difficulty 
of raising new money and of showing 
with exactness and certainty the 
savings to be made from a proposed 
improvement, together with the fact 
that existing machinery and _ tools 
bought at great cost and still in good 
condition would have to be discarded, 
has prevented many railroad shops 
from being kept entirely up-to-date. 
Cost of locomotive repairs may be 





reduced by use of machine tools of 
modern type. Another device which 
saves money is autogenous welding. 
In most shops it consists of three 
different kinds; oxyacetylene, by which 
remarkable pieces of work are done, 
such as welding broken cylinders intact 
without removal from the locomotives; 
electric welding in fire boxes of loco- 
motives, where formerly it was neces- 
sary to go to the great expense of 
riveting patches; and thermit welding, 
whereby broken frames can be welded 
without being removed. 

Locomotives of modern type may 
be equipped with many auxiliaries, 
such as superheaters, stokers, feed 
water heaters, booster engines, grate 
shakers, electric headlights, etc., which 
increase the cost of maintenance, but 
which, if suited to the requirements, 
increase the ton-miles per unit of 
expenditures and thus reduce the 
operating cost per ton-mile. Their 
net value can be determined only by 
continued expert investigation and 
careful experiment. Technically trained 
men are preéminently fitted for under- 
taking such work. 

In seeking ways to reduce operating 
costs, the need for additional capital 
is encountered at every turn. The lack 
of it, or the difficulty of obtaining it, 
has prevented the realization of many 
economies which every railroad execu- 
tive know he could make if the money 
for improvements were available. It is 
not uncommon to hear a railroad 
executive bewail the fact that the law 
contemplates the railroads shall earn 
534 per cent on the value and takes 
from them half of what they earn in 
excess of 6 per cent, yet since the 
law became effective the Interstate 
Commerce Commission has guessed so 
poorly on what freight rates and 
passenger fares should be to yield the 
contemplated return that the roads 
as a whole earned less than 1 per cent 
in 1920, 314 per cent in 1921, 414 per 
cent in 1922, and probably 514 per 
cent in 1923. On the other hand, 
higher levels of interest rates following 
the War, together with the uncertainty 
of return on railroad investments, 
have made it necessary for the rail- 
roads to pay an average of about 
6 per cent for borrowed money; and 
have made it impossible, except in 
extraordinary and isolated cases to 
obtain railroad funds in any other 
way than by borrowing. This is true, 
but it is a condition not wholly without 
virtue. The necessities of the railroad 
situation following the War have 
compelled all possible ingenuity and 
initiative on the part of railroad 
managements and it seems fair to say 
that some, at least, of the benefits 
would not otherwise have been realized. 
An analysis of the financial dilemma 
just mentioned may show it not 
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altogether so hopeless as the bare state- 
ment indicates. Of course, to borrow 
money at upwards of 6 per cent 
interest to improve property which 
government regulating bodies permit 
to earn only 5 per cent would be a 
short cut to receivership. Certain 
improvements, such as grade separa- 
tions, paving,and other public improve- 
ments, and safety appliances on equip- 
ment and roadway required by ordi- 
nance or statute may not give much 
return, but railroad managements can 
find an abundance of opportunity for 
making additions and _ betterments 
that will yield a return double or 
triple the interest rate high as it is. 
A common plan is to fix an arbitrary 
rate, say 15 per cent, which the 
estimated increases in net income will 
show upon the new capital invested, 
as a condition for approving the 
expenditure. 

Instead of dividing operating 
expenses into the different primary 
accounts, which I have been discussing, 
they may be separated into the items 
of labor, which makes up about 63 per 
cent; fuel, about 12 per cent; other 
materials, about 18 per cent; and 
miscellaneous, about 7 per cent. Labor 
is far the largest item, and the methods 
of reducing operating expenses that 
I have been discussing, namely, by 
getting more service from the existing 
plant and by judicious enlargement 
and improvement of facilities, must, 
in order to accomplish the results 
intended, get more output per unit of 
labor applied. Without considering 
wage reduction at all, any successful 
method of improving railroad operat- 
ing figures must produce lower labor 
costs and to do so must rely largely 
on the effective application of the 
employees to their various tasks, 
because the pay roll is such a large 
part of the total expense. 

The field for individual initiative in 
the operating department is surely 
very great. Other departments, such 
as traffic, accounting, legal, and pur- 
chasing, also offer like inducements. 
But I am considering especially the 
operating department because it 
directs the expenditure of such a large 
part of the total controllable outgo 
and because, including as it does the 
offices of the civil, mechanical and 
electrical engineers, and also con- 
ducting transportation, it is the depart- 
ment which men from technical schools 
naturally would enter if they choose 
railroading as a career. No one can 
say what path leads upward quickest 
and surest in a railroad organization, 
nor can he in any other business. The 
outstanding feature of our American 
life is the opportunity for achievement 
that is open to all. The railroad field is 
no exception. There are five thousand 
positions on the American railroads 
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paying six thousand dollars per year 
or more; nearly every one of them has 
possibilities for advancement. Keeping 
in mind that the principal sections of 
the operating department are the 
transportation, civil engineering, and 
mechanical engineering, the man with 
technical training may enter the civil 
or mechanical engineering section 
and rise eventually to chief, after which 
he may become general manager; vice- 
president, or president; or he may 
enter the transportation section either 
at first or by transfer from another 
section of the operating department, 
or from another department of the 
railroad. Here the normal channel of 
progress is upward to superintendent, 
then general superintendent, general 
manager, vice-president, and president. 

Promotion, of course must depend 
mostly upon the individual, but the 
records indicate that the operating 
department is the best training ground 
for railroad executives and that the 
engineering department has been a 
favorite starting place. Statistics of 
thirty-five principal railroads having 
over 80 per cent of the total mileage of 
the United States show the following: 


PRESIDENTS OF RAILROADS 
1890 1900 1910 1920 
*From Operating 
Department 20 2 2 2 
{From Engineering 
Section 5 8 5 il 


*(including Engineering) 
t (included in figure above) 


On the basis of mileage, a larger per- 
centage of the railroad property of the 
United States is in charge of chief 
executives who formerly were in the 
operating department than _ these 
figures indicate. 

One great advantage in advancing 
through the transportation section of 
the operating department is that the 
position of superintendent is in itself 
such a satisfactory one, especially on 
roads having the so-called “ Divisional” 
plan of organization. The superin- 
tendent actually is in charge of a 
considerable portion of the railroad. 
He is responsible for the upkeep of the 
property as well as for the handling of 
trains, and he is largely held responsible 
for the cost of operation. Except 
financing, he touches every problem of 
railroad management and has unex- 
celled opportunity for development. 

By its very nature, a large part of 
the knowledge necessary for successful 
operation of a railroad must be gained 
from actual experience in the work. 
A technical education will serve as an 
aid, but cannot avoid the necessity for 
gaining this knowledge through experi- 
ence. As labor costs represent the 
greatest proportion of the total cost of 
operation, the willing spirit of labor 
has the maximum of bearing upon the 
output and the cost thereof; hence an 
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exceedingly important part of the 
business relates to the successful 
dealing with employees. The superin- 
tendent who has the proper experience 
as a background and has, in addition, 
technical training, has reached a point 
where he should be able to realize upon 
his investment in education. Here, 
as elsewhere, the rule holds good that 
hard work is an absolute essential to 
success. No one works harder or longer 
hours than a good Division Superin- 
tendent on a railroad. 

This brings me to what is probably 
the most important thing in connec- 
tion with the whole subject of railroad 
economy —and that is the human 
relation. It is not confined to any 
department, and while largely belonging 
to what [have chosen to call “internal” 
problems of management, it is not 
wholly so. An important provision 
of the present law is that if the 
employees and the management cannot 
agree on wages and working conditions, 
the dispute shall be taken before the 
Labor Board, which will decide it. 
Without discussing the necessity or 
value of the Labor Board, it can 
hardly be denied that peaceful negotia- 
tion and settlement by the employees 
and the managements of the greatest 
possible number of questions is most 
desirable from the standpoint of both 
parties. 

The finest cars and locomotives, the 
latest appliances in shops, the amplest 
and best maintained tracks and struc- 
tures, and the cleverest distribution 
of motive power may lose much of their 
value through failure to obtain and 
keep the goodwill of the men who 
maintain the property and operate the 
trains. There is no panacea to cure the 
ills of employee relations. Perhaps the 
one absolute essential is that the 
official directly in charge of employees 
shall have faith in them; be loyal to 
them, and fair and impartial in all 
his dealings with them as he is with 
this company. A feeling of reciprocal 
friendship and coédperation is worth 
more than the strongest wage contract 
ever made. Men do not give their 
best efforts for mere pay in money, but 
for the love of accomplishment. First 
of all the elements that go to make a 
success in the railroad business, as 
in any other, is to be passionately fond 
of the work. Planning for the future 
and impatient anticipation of an oppor- 
tunity to realize improvements which 
will make for better and better service, 
must be regarded as one of the highest 
forms of pleasure and not as slavish 
toil. 

There is no reason to believe that 
the importance of railroad transporta- 
tion in this country will diminish. 
The romance which attached to the 
conquest of the great plains and 
mountians is gone, but the far-flung 
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influence and contact with distant 
communities inherent in the conduct 
of a large railroad system hold an 
alluring charm. They may be con- 
sidered the logical heritage of those 
who have come after the great pioneer 
builders and who are witnessing the 
realization of the dreams those men 
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had of development that was to 
follow the advent of the railroad. 
There will always be need of additions 
and improvements to the railroad 
system of this country; some new roads 
should be built, and refinements and 
economies in operation always must 
be sought and applied. The standards 
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of living in this country demand the 


best railroad service in the world. 
The remoteness of its centers of 
population from each other and from 
its areas of production demand the 
cheapest. What ‘greater field of 
endeavor should a young man seek? 


APPLICATION OF AN ENGINEERING EDUCATION 


advice to each of you is, to be as sure 
as you can, that you are choosing a 
vocation you can love and that you 
are undertaking that part of the pro- 
fession that best fits you. I would 
rather be a happy and satisfied second 
class artist earning one hundred dollars 
a month than an unhappy and dis- 
satisfied chief engineer earning one 
hundred thousand dollars per year. 
The most contented man I ever met 
was a machinist who was making five 
dollars a day, who loved his work 
and his family and who gave all there 
was in him to both. The capacity 
for happiness and contentment is 
largely from the inside and not from 
the outside. Make no mistake, neither 
fame, nor power, nor wealth bring hap- 
piness in their train. We must achieve 
these in quite other ways. If I could 
give one piece of advice for each of 
you to follow, it would be to learn 
to smile, no matter what may happen. 
A man can smile and still be a fighter. 
The outstanding characteristic of our 
American troops in the great war was 
their cheerful happiness when there 
was the least chance. They went to 
the front singing and laughing and 
many a man died with a smile on his 
lips. 

I remember one day in January, 1918, 
I was on my way east from San Fran- 
cisco. I had spent the night in Mil- 
waukee with a man who was doing 
some vitally important work for our 
huge destroyer program. In _ the 
morning on the way to his plant I 
asked him to stop at the hotel where 
my telegrams were to be sent, and there 
found a large number awaiting me. 
As we rode along, I opened one after 
the other, and each one was a record 
of something that had gone wrong 
and each succeeding one seemed worse 
than the one before. Finally the last 
one told a story of a hundred-ton 
crane that had fallen across the deck 
of a ship. It had narrowly escaped 
sinking a destroyer, and the accident 
had crippled the yard for some pre- 
cious days. As I read that message I 
laughed and handing it to my friend 
said, ‘Well, that is the limit.” He 
read it and looked at me in amaze- 
ment and said, ‘And you can laugh!” 
I said, “Yes, there are a dozen men 
worrying their hearts out to get that 
crane repaired and I can’t do a thing 
to help them except send them a wire 
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to ‘cheer up’, and I am going to 
forget that and see what I can do 
today that is useful.”” Now I was, as a 
boy, and still am, a good deal of a 
worrier, but I consider that just insofar 
as I have overcome that fault in my 
way through life, just as far I have 
strengthened myself and _ increased 
my ability to live happily. When 
thought and attention can’t help a 
situation, learn to accept that element 
and go on to the next. 

Roger Babson recently wrote as 
follows: “Blessings that civilization 
spreads broadcast along our way are 
not beneficial if they merely create un- 
satisfied desires. Some of the greatest 
scholars, statesmen and spiritual types 
we have known emerged from humble 
surroundings into lives of patient 
toil and thought, and in success never 
forgot their early training. The young 
man and woman who would be truly 
great may become so without special 
education or inherited wealth, for 
greatness lies in service. The family 
that lives and works within itself need 
not fear the social climber, for this 
often ends in strained finances and 
an ignoble fall. Poverty is hard to 
bear, but it is no disgrace. Riches do 
not make the man. Education that 
does no more than confer degrees 
for knowledge attained is misplaced. 
Ever seeking for something ‘higher,’ 
something that is the fad or fashion, 
something that gives hectic pleasure 
rather than gentle joy, distorts our 
social life, disorders the natural econo- 
mics of our commerce, and puts our 
business and financial endeavors upon 
stilted foundations. We want to 
begin at the top of the ladder and are 
unwilling to ascend from the ground. 
Take this thought in all its bearing 
and will it not explain much of our 
complaining over ‘inequalities,’ over 
contrasting standards of living, over 
rich and poor, over capitalist and 
working man?” 

Don’t go forth from your courses in 
this institution expecting to achieve 
great success in a minute. A man must 
learn to follow before he is fit to lead. 
The best book education leaves vast 
realms of knowledge that only practi- 
cal experience can teach and without 
which a man is not fitted to direct 
large undertakings. 

Our modern courses give little weight 
to what I may call the spiritual side 


of education. I sometimes wonder 
how far we might go, with advantage, 
in impressing on our undergraduates 
something of the many difficult moral 
problems that must be met in business. 
A well known and successful merchant 
once said in my hearing, “Our modern 
business ethics are complicated in the 
extreme. Why if white was right, 
and black was wrong, all my life I’ve 
been living in the gray.” How far 
are we bound by laws whose very 
interpretation are matters of judicial 
decision by the highest tribunal, when 
often the court itself divides on the 
meaning? When is competition so 
desperate that it becomes more unfair 
than combination? How shall we 
differentiate our responsibilities to 
labor, to capital and to the public? 
When is it fair to take advantage of a 
tax law to reduce our obligation to pay 
and when is such action mere subter- 
fuge? To take away with us from our 
college course a fair measure of princi- 
ples on such questions is a matter of 
vital importance. But so far as I 
know, we are all turned adrift to settle 
these questions according to our own 
lights in the rough school of experience. 

Above all, as you go through life, 
have time to make and keep real 
friends. They are the finest achieve- 
ment of a successful career, and while 
business friends will seldom fill the 
places that our classmates occupy, 
the associations of our later years 
leave many opportunities to form new 
attachments that make life worth liv- 
ing. And we can take out of our lives 
only those things that we put into 
them. 

In closing I hope every one of you 
knows by heart Kipling’s greatest poem 
“Tf” and that last verse — 

‘Tf you can walk with crowds and keep 
your virtue, 

And talk with kings nor lose the com- 
mon touch, 

If neither foe nor living friend can 
hurt you, 

If all men count with you, but none 
too much. 

If you can make each unforgiving 
minute 

Show sixty seconds’ worth of distance 
run, 

Yours is the earth and everything 
that’s in it, 

And what is more — you'll be a man — 
my son.” 














Oil from Shale and Oil-Soaked 
Sands. Much interest has been mani- 
fested in the possibility of the applica- 
tion of the Bowie-Gavin cracking 
process, developed by Interior Depart- 
ment engineers at the San Francisco 
office of the Bureau of Mines, to the 
simultaneous recovery and cracking 
of oil from oil-soaked sands and shales. 
Should the production of crude oil in 
California and elsewhere decline with 
an attendant increase in the price of 
gasoline and other oils, it will then be 
feasible to market oils extracted from 
such deposits. It has been estimated 
that there is sufficient oil in the sands 
and shales to supply the needs of the 
world for several centuries even though 
the present wells cease production 
entirely. 


Rubber Growing in Florida. Steps 
are being taken to begin the growing 
of rubber in Florida to augment the 
available supply and also to make the 
rubber industry less dependent upon 
the foreign market. The trees grow 
very rapidly in the State and have 
practically a twelve months growing 
season. An investigation is to be 
made to see if this cannot be made an 
industry of importance to that 
territory. 


Novel Uses for Ultra-Violet Light. 
With the recent development of power- 
ful sources of ultra-violet light there 
have come many uses of industrial 
importance. The most outstanding 
of these is the testing of the perma- 
nence of colored fabrics by the rays. 
Fading qualities of fabrics were 
formerly determined by exposing them 
to sunlight for a long period. Now, 
however, the same test may be applied 
by the use of the ultra-violet rays, 
completing the process in a very much 
shorter time. 

The most interesting applications 
are those connected with fluorescence. 
Many substances glow quite brightly 
when exposed to the rays in a dark 
room, the color and intensity of the 
glow affording a means of distinguish- 
ing one from another. It has been 
demonstrated that by this means 
artificial pearls are at once dis- 
tinguished from natural ones, and it is 
even possible to distinguish Oriental 
natural pearls from Japanese culti- 
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vated ones. Stones of the same kind 
do not fluoresce identically if they 
come from different regions, so that 
it is possible to tell whether two 
diamonds came from different regions 
or were cut from the same stone. 


— Seventific American. ° 


Vast Irrigation Scheme in India. 
One of the world’s largest dams is being 
constructed in India, to control the 
waters of the Indus and to aid in the 
irrigation of vast tracts of land at 
present unproductive. This dam will 
be known as the Lloyd Barrage in 
honor of Sir George Lloyd, Governor 
of Bombay. 

The dam itself is nearly a mile in 
length and seven hundred feet high. 
The flow of the Indus will be con- 
trolled by 66 gates each weighing 
50 tons. Immediately above the dam 
seven canals will carry the silt-laden 
waters over large areas of the province 


of Sind. The Rohri canal will be 
205 miles long with 2,300 miles of 
branches. The central rice canal is 


to be 87 miles long and will irrigate 
500,000 acres of the finest rice growing 
land in India. Similar waterways will 
radiate in all directions from the 
central reservoir. 

The scheme is being financed by the 
government of Bombay, the estimates 
calling for $60,000,000, of which 
$17,500,000 will be spent upon the 
dam. 


Repeating Radio Concerts. KFKX, 
the Hastings, Nebraska, station of the 
Westinghouse Electric Company is 
probably the most unique broadcasting 
station in the world. It serves as a 
connecting link between KDKA and 
the fans of the West. KDKA, which 
broadcasts at 920 ke., transmits its 
high frequency wave to Hastings on 
3,200 ke. Hastings repeats on 1,050 ke. 
frequency. A feature of the high 
frequency broadcasters is the small 
antenna used, it being not over 
35. feet in length. Not only can 
KFKX repeat concerts from KDKA, 
but it can serve as a booster station 
between KDKA and a transmitting 
station of the Pacific Coast. It can 
also broadcast concerts from its own 
studio. 

The transmitting set at Hastings 
consists of three panels, the rectifier 
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panel, modulator panel, and the oscil- 
lator panel. The rectifier converts 
the high voltage A.C. current received 
on the antenna to high voltage D.C. 
current for the plate circuit. The 
modulator with its accessories im- 
presses the voice frequency on this 
high voltage D.C. current before it 
goes to the oscillator. Finally the 
oscillator converts the D.C. current 
to radio frequency in which form, it is 
delivered to the antenna. 

One of the difficulties attendant 
upon high frequency broadcasting is 
that every precaution must be taken 
to eliminate any outside influences 
such as vibration that would change 
the frequency. The set of KDKA is 
suspended upon a system of springs 
so that vibrations of the nine-story 
building in which it is located cannot 
affect the frequency. 

— Westinghouse News Service. 


Bay of Fundy Tide to be Used to 
Develop Power. ‘The first application 
to reach the Federal Power Com- 
mission proposing any development 
of power by using the tide has just 
been filed. The application covers a 
project on the Bay of Fundy, near 
Eastport, Maine, calculated to develop 
400,000 h. p. 

The project involves the construc- 
tion of five miles of dams which will 
connect the mainland with Deer and 
Porto Bello Islands and cross Lubeck 
Channel to the mainland. The power 
house is to be constructed between 
two pools which will be created by 
the dams. The range of the tide at 
this point is in excess of 30 feet. 
By the operation of these pools it is 
calculated that a flow of 200,000 
cubic feet per second can be obtained 
and a head of from 16 to 27 feet 
secured. — Power. 


Super-Apparatus for Super-Power 
Systems. Now that there is a move- 
ment on foot to make the super-power 
system a reality, it is interesting to 
know that apparatus for handling 
the voltages necessary for handling 
super-power has already been made. 
Six of the largest types of oil circuit 
breakers have been installed on a 
western system. The tanks of the 
breakers contain 2,000 gallons of oil 
and are made of 3%-inch boiler plate 
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with welded seams. Each _ breaker 
has a double break of 30 inches. 
The contacts are of the quick-break 
type which gives the maximum speed 
for actual interruption of the circuit. 
The high tension bushings are of the 
condenser type, protected from the 
weather by porcelain weather casings. 
The bushings are a solid column made 
by cementing together individual units. 
These breakers will interrupt a short 
circuit of 2,400 amperes at 220,000 
volts. — Westinghouse News Service. 


Wood Colored as it Grows. A report 
from Dresden intimates that a German 
engineer has succeeded in coloring 
wood as it grows. Living trees are 
given any desired color by this process. 
It has been found that a whole tree 
from the end of its roots to the topmost 
leaf can be completely and perma- 
nently colored in forty-eight hours by 
the application of the dyes. An 
aniline dye is used and 50 grams 
of dye with 200 litres of water are 
sufficient for one tree. The process 
has been patented and will be put to 
use at once in the manufacture of 
furniture and various wooden articles. 
This treatment affords an excellent 
means of imitating certain natural 
woods. — Scientific American. 


Ford Factory Electrically Heated. 
The factory of the Ford Motor Com- 
pany at Green Island, N. Y., is heated 
by hot water which is heated electri- 
cally. The outer exposure of the 
building consists of about sixty per 
cent glass; 65,000 square feet of radia- 
tion is installed. The water is circu- 
lated through two electric heaters, 
either one or both being used, depend- 
ing upon weather conditions, and is 
raised to temperatures of from 135 to 
153 degrees Fahrenheit. The heaters 
are of the water-resistance type, hav- 
ing a capacity of 3,200 kw. each, and 
are operated at 4,600 volts, 60 cycle, 
three-phase. The electrical input is 
controlled by the level of the water in 
the boiler exactly as in the case of a 
steam generator and independent of 
the pump pressure.—Power. 


Fiat Submarine Engine Has Five 
Hundred Shaft Horse Power Cylinder 
Output. The Fiat Company of Turin 
has recently begun the work of 
developing and building oil-engines 
for land and marine purposes. One of 
the latest to be placed on test is a 
two cylinder, experimental engine of 
1,600 bh.p studied and designed for 
propulsion of the new cruiser type 
submarines of the Royal Italian Navy. 

It is a two-cycle engine, having an 
output of 500 b.h.p. per cylinder, the 
highest that has as yet been obtained 
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from any other submarine engine 
cylinder and means that 4,000 b.h.p. 
can be obtained from an eight cylinder 
unit. A practical demonstration of 
the reliability and efficiency of this 
engine was given by a non-stop run 
of twelve days, four days being at full 
load and eight days at-nine-tenths 
load, with short periods of overload. 


part 1, and contains a good presenta- 
tion of the work which has been done 
in the laboratories of the duPont 
Company upon the subject of chemical 
corrosion. It leaves atmospheric corro- 
sion entirely out of the question 
dealing only with chemical corrosion, 
and in this manner making itself 
valuable to chemical engineers inter- 
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The total run was equivalent to a 
5,000 mile sea trip. 

The framework over the engine in 
the photograph gives an idea of the 
dimensions and internal shape of the 
engine-room, and indicates the small 
space available for erecting and over- 
hauling the engine in service. 

— Motorship. 


The Cement Production for 1923 set 
a new record. The demand through- 
out the entire year was extraordinarily 
heavy, yet the demand was met and 
prices were kept low. In the first 
eleven months of 1923 production of 
Portland cement amounted to nearly 
127,000,000 barrels, an increase of 
twenty per cent over the same period 
of 1922. Shipments were 17,000,000 
barrels in excess of the corresponding 
period of the year before. 


BOOK REVIEW 


Corrosion Tests and Materials of 
Construction for Chemical Engineering 
Apparatus. By W. S. Calcott, J. C. 
Whetzel, Chemical Engineers, E. I. 
duPont de Nemours & Company and 
H. F. Whittaker, Chemical Engineer, 
National Research Council. The D. 


Van Nostrand Company, New York. 
Cloth, 6x9 inches, 
index. 1923. 

This book is a reprint from the 
transactions of the American Institute 
of Chemical Engineers, volume 15, 


169 pages and 





ested in the design of apparatus to 
best resist corrosion. 

The book is divided into two 
sections, the first section covering the 
electrochemical theory of corrosion, 
the theory most generally accepted at 
present. It gives, quite in detail, 
the factors which influence the rates 
of corrosion of various metals. Follow- 
ing this, there is a group of tables 
containing specific illustrations of these 
factors. These tables, and the chart 
which accompany them, show the 
extensive experience of the duPont 
laboratories with all the metals and 
alloys used in the manufacture of 
chemical apparatus. 

The second part of the book consists 
of a review by one of the authors, 
Mr. Whittaker, of the various mate- 
rials of construction and their proper- 
ties which are used under specific 
corrosive conditions. It is in the form 
of a paper, which was read and dis- 
cussed at the Wilmington meeting 
of the American Institute of Chemical 
Engineers, held on June 22, 1923. 
The included discussion, which follows 
the reading of this paper, brings out. 
the problems which other concerns 
have had in designing apparatus for 
their particular cases. 

One of the valuable features of the 
book is its extensive bibliography 
of chemical corrosion. For one inter- 
ested in obtaining collective data upon 
the subject of corrosion, this book 
should be a very valuable possession. 
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THROWING ROCKS AT OUR 
OWN WINDOWS 


If the public were suddenly to decide 
that Mr. W. was making too much 
money out of his gum, and that he 
must sell twenty chews for a nickel, 
and got up an Interstate Gum Com- 
mission to see that he did sell twenty 
chews for a nickel, and also that he 
carried on warlike competition with 
Mr. B. and Mr. A. in the matter of 
supplying our stenographers with their 
favorite masticatory, and then in- 
stituted a different commission to tell 
him what he. must pay his “help”’; 
and if the effect of this regulation were 
to reduce the mastication to nearly 
nothing by stopping the production 
of gum, and to drive the stenographers 
to the consumption of jelly beans 
instead, no great damage would have 
been done to any one but Messrs. 
W., B., and A. — who, being men of 
energy and resource, as far as they 
have personal being outside the wrap- 
pers of the gum, would probably get 
themselves into the jelly bean business 
and proceed to amass money at their 
former rate. The public would not 
be damaged at all because it really 
makes no difference, in a public sense, 
whether Tillie the Toiler chews gum or 
jelly beans or Star, or quits chewing 
altogether. Nor does it make much 
difference to the public whether Messrs. 
W., B., and A. make fortunes or lose 
them, they being mere individuals, 
whose social value does not greatly 
exceed that of their commodity and 
without whose services the public 
worried along for many years before 
any of them got into the gum game. 
But they are not engaged in the busi- 
ness of transportation; and this dark 
hypothesis is painted as a background 
against which to suggest how very 
different is the case of the railroads 
of the United States. 

And yet, to use an old Arkansas 
phrase, we have been chewing the ear 
of the railroads for over two genera- 
tions; for a large part of their existence 
since they began, about ninety years 
ago. We have laws to compel them 
to compete and others to permit them 
to combine; we get an important 
decision under one law after a contra- 
dictory one has been passed; we try 
to tell them what tariffs they may 
charge and what wages they must 


pay, each fixed by a different board; 
we dictate when they shall run and 
where they may stop; we threaten 
them with national ownership, or 
Soviet operation under the Plumb 
plan; we try to stop their making 
profits, and insure them profits of 54% 
or 6 or some other definite per cent, 
as though there were something sacred 
and changeless about how much re- 
turn capital can innocently make; and 
when a war comes we find them so 
reduced in effectiveness that we take 
them away altogether from their 
owners and eat up the soft parts and 
hand back the seeds and core. And 
it makes a difference. It is not the 
case of chewing gum. It is playing 
Aunt Sally with a vital organ of the 
nation, vital in peace and in war 

In this country, products must go 
long distances. Transportation service 
is subject to tall “peak’’ loads at 
certain seasons. We need rate-making 
that will give the farmer a chance 
both ways; and outward bound, he 
must meet the competition of the 
world on many of his products. But 
today we are confronted with car and 
power shortages, congestion and em- 
bargoes, and no fresh capitalization 
to speak of, can be undertaken because 
of our arbitrary restrictions on profits. 
There is nothing for experimental 
purposes, development trials; nothing 
for progress. The managers feel they 
are doing well if they can keep going. 
They need to be hundred-thousand- 
dollar men, the best brains in the 
country, and a bill was introduced in 
Congress at the last session to make 
the maximum salary of a railroad 
executive $15,000 a year. It is won- 
derful. The bureaucracy in control 
has even had it made a misdemeanor 
for anybody to keep any other railroad 
accounts than the kind prescribed by 
the bureau; so that an executive that 
might wish to know more about the 
operation of his road than the Interstate 
Commerce Commission prescribes, and 
that might keep some private notes on 
it containing other categories of in- 
formation, could be fined five thousand 
dollars or put in jail for three years 
for doing it. That no one has been 
sent to jail under this particular law, 
is nothing to the credit of the law, 
nor the spirit in which it was passed. 
It is the sort of thing that makes the 
gum business more attractive to men 


of talent, and tends to supply a growing 
country with more chewing gum and 
fewer box-cars. All these circum- 
stances and others too numerous and 
complex to state have hurt, not only 
the roads, but the public, and hurt 
both badly. It does seem as though it 
were time the American public grew 
weary of throwing things at the rail- 
roads. It might just as well go home 
and throw rocks at its own windows. 

—From The Independent. 
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EFFICIENCY EXPERTS URGE 
WORLD METRIC STANDARDS 


The nation-wide interest in the 
Britten-Ladd Metric Standards Bill, 
now before Congress, is evidenced by 
discussion of the metric issue in 
current business and industrial publi- 
cations. A notable series of articles 
on “The Meaning of the Metric 
Move for Business and Nation,” by 
A. Guyot Cameron, is now appearing 
in Forbes Magazine. 

In his recent first article this 
authority points out that George 
Washington urged upon Congress the 
importance of standardization of 
weights and measures to conform with 
a world decimal system. That this ad- 
vice has not been heeded, he declares, 
is a vast national loss. 

‘““Why prate our business cry that 
Time is Money,” says A. Guyot 
Cameron, “when we violate it by 
refusing the system that saves time 
and makes money? 

“Opposition to metricism is based 
largely upon the supposed cost of the 
change to manufacturing. This has 
been disproved again and again by the 
greatest of manufacturers and engineers. 
The argument is plausible, but not prac- 
tical, nor is it veracious. For the 
Metric Bill seeks only exclusive use of 
world metric units in merchandising, 
and leaves to the manufacturer his 
choice of units for production should 
he choose to oppose world standards. 
Could anything be fairer? 

“Our political motto is E Pluribus 
Unum. Let us apply it to the sphere 
of economic calculations. 

“Hundreds of great industrial con- 
cerns are urging metric legislation on 
the basis of the new bill, which pro- 
tects the manufacturer.” 
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Ce ee er: 


‘wont save 
any of us 


HE ivy of tradition is a slender sup- 
port. A man or a team or a college 
that clings to it, harking back to the 
glories of yesterday, is likely to be out- 
stripped by some young but sturdy rival. 
That is a sermon we have taken home 
to ourselves. 

The Western Electric Company is proud 
of its fifty-four years of history. But it is 
a great deal more concerned with the next 
fifty-four—and that is why we have been 
talking to the college men of America 
month after month now for four years. 

The future of this business depends not 
so much on the physical equipment we 
have built up as on the mental equip- 
ment which men of your generation are 
building—on your habits of study and 
conduct, on your right choice of a pro- 
fession and your proficiency in it. So we 
have made suggestions for your guidance, 
with the conviction that they can help you 
—and us. 
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the interest of Elec- 
trical Development by 
an Institution that will 
be helped by what- 
ever helps the 
Industry. 







This company, with its laboratories, its 
distributing organization and its great tele- 
phone factory—in every respect a modern 
industry and in many respects a leader— 
will have openings from time to time for 
men who can qualify. 
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PRINCIPLES OF FIRE PROTECTION 


turally prepared as far as possible to 
resist the spread of fire, consideration 
must be given to the methods and 
equipment which shall be employed 
to extinguish fire. 

Many fires are discovered in their 
incipiency and for the want of a handy 
pail of water much property has been 
needlessly destroyed. Inside hand 
fire extinguishing apparatus is needed 
to cope with small fires and such 
apparatus should be liberally installed. 
The various types of inside fire 
apparatus (exclusive of automatic 
sprinklers) are: 

1. Pails. These are of twelve quart 
capacity and twelve are required for 
each five thousand square feet area; 
to be hung three or four feet from the 
floor. Three pails and one filled cask 
of at least sixty gallons capacity or 
one approved fire extinguisher and 
six pails to be considered the equivalent 
of twelve pails. 

The water supplies to sprinkler 
systems are: 

1. Municipal Water Works, i.e., 
connections to street mains. 

2. Gravity tanks or privately owned 
reservoirs. 

3. Pressure tanks. 

4. Steam pumps. 





BOSTON ~ CAMBRIDGE 


STAN ~— | 





(Continued from page 359) 


5. Centrifugal pumps. 

6. Rotary pumps. 

For standard protection two inde- 
pendent supplies are considered neces- 
sary. If anything happens to one 
supply there will be another one to 
rely upon. Water in street mains is 
frequently shut off to repair broken 
mains and for laying new ones. Should 
the sprinklers operate while such 
work is being done on the mains the 
second supply, a tank or pump, is 
immediately available to give the 
necessary supply of water. In the 
case of a large fire the secondary 
supply can be called upon to reinforce 
the primary. The first or primary 
supply should always be automatic 
and capable of giving a pressure of at 
least twenty-five pounds on the highest 
sprinklers. 

Many buildings or sections of a 
building are not heated sufficiently 
to prevent freezing in winter. In such 
instances a “dry-pipe” system is 
installed. A dry-pipe system is one in 
which there is air under pressure in the 
sprinkler pipes instead of water. The 
flow of water into the pipes is controlled 
by a dry-pipe valve which is a device 
at the base of the system for holding 
back the water until a_ sprinkler 
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operates and then opening automati- 
cally, allowing the water to flow into 
the pipes. 

When the dry valve, or in the case 
of wet-pipe system, an alarm valve 
operates, their mechanism will actuate 
an alarm in the form of a large rotary 
gong located on the outside of the 
building and an electric gong inside. 
The ringing of the gongs signifies that 
there is water flowing through the 
system. A more elaborate system of 
“water flow” alarms is known as the 
Sprinkler Supervisory System. The 
purpose of these systems is to give 
notice at a central station that there 
is flowage in the pipes due to the 
opening of a sprinkler head or to a 
break. The systems when fully 
installed on all parts of the sprinker 
system will also give notice in case 
anything happens to impair its 
effectiveness, such as the closing of a 
gate valve, low water in a tank, etc. 

The automatic sprinkler is a silent 
watchman on duty twenty-four hours 
of the day year after year guarding 
valuable property and lives against 
the ravages of fire. It may stand for 
years before being called into action 
to throw a downpour of water on a 

(Continued on page 376) 
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| KOUNTERSUNK 
Es — : 


1—Showing imperfect penetration of filler 3—Showing nearly perfect penetration of : 
with common rectangular block. filler with Kreolite Kountersunk 
Lug Blocks. 


2—Plan view of plain or common rectan- 
gular blocks. 


eo Kountersunk Lug Wood Blocks are designed for bridge and 
street paving, and, with a slight variation of the kountersunk feature, for 
interior factory flooring. 

This method of construction permits the penetration of the bituminous filler 
the entire depth of the block on all sides (see figure 3) securely binding it to the 
base and making a firm waterproof joint. The filler (our special make) is 
applied hot in liquid form and hardens when cool. The block cannot become 
loose because it is firmly attached to the base and to the adjacent blocks on 
four sides. In laying, only the tough end grain is exposed to wear. 


In figure 2, the blocks make a good appearance, but is another case where beauty is only skin 
deep. The filler solidifies and fills only the upper part of the joint (see figure 1). Note bonding 
power, so essential to the permanence of any block pavement, as shown in figure 4. 

To all City and County Officials, Contractors, Architects, Manufacturers, and others interested, 
we extend, gratis, the services of our trained engineers. 


Write for detailed specifications and information 


The Jennison-Wright Company, 79 Kreolite Bldg., Toledo, Ohio 
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Resistless 
Force — 


Controlled ! 


HE CHEMICAL ENGINEER has created, in 
explosives, a power that can blast a mountain 
or crack a boulder—dig an isthmian canal or drain 


a swamp. 

Today, explosives power is employed both in the heaviest and 
in the most delicate operations. The scientific control of this 
resistless energy has enabled explosives engineers to utilize it in 
ways undreamed of a generation ago. 

Recently at the Frazier Quarries of the Chesapeake & Ohio 
Railroad in West Virginia, 60,000 pounds of du Pont dynamite 
were exploded at one time to bring down five hundred million 
pounds of stone for ballast. Literally a whole hillside was 
blasted out. 

But in a power house in Baltimore, du Pont explosives were 
used to perform a different and delicate operation. This work 
involved blasting out five concrete bases in the basement of the 
building without damage to a switchboard that governed the 
distribution of power over a large section of the city. While 
blasting was in progress a glass of water and some wire nails 
placed on their heads in an upright position near the blasts were 
not disturbed by the explosions. 

So, in dynamite, we have a servant that will do our bidding in little things as well 
as big—a power that can be made to perform our work easier, better and cheaper in 
all industries. 

The du Pont Company has been making explosives since 1802. With the devel- 
opment in explosives manufacture have come many improvements to expand the use 
of the product. And it has been the privilege of du Pont, through exhaustive re- 
search and experiment, to lead the way. 


E. I. DU PONT DE NEMOURS & CO., Inc. 


Explosives Department, Wilmington, Delaware 
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FIRE PROTECTION 


(Continued from page 374) 


nearby fire. But of what avail is a 
standard sprinkler system if there is 
insufficient or no water when it is 
most needed? A _ sprinkler system, 
to be effective, must be maintained 
in proper working condition at all 
times. An owner will spend eight 
thousand dollars or ten thousand 
dollars to install a complete system 
and then promptly forget it because 
its maintenance is not essential to the 
proper operation of his plant. 

Sprinkler systems are emergency 
devices and are seldom called upon, 
but when the occasion arises they are 
then the most important devices in 
the building. 


(Ge 


JAPANESE EARTHQUAKE 


(Continued from page 358) 


brick and terra cotta between steel 
columns, but considerably less than on 
the other buildings, also considerable 
of the terra cotta showed cracks on 
the upper floors and a few of the granite 
base blocks were cracked. No window 
glass was broken, but from the outside 
view there were indications that a 
portion of the hollow tile partition 
walls on first floor had fallen down. 

Seiuyukai. Small damage as the 
walls were not cracked, but some 
damage from the fire caused by 
scaffolding burning, no indication how- 
ever of any interior damage to parti- 
tions or walls, and work on this build- 
ing can be resumed at once. 

I am quite confident that the damage 
to our buildings will be found on 
examination to be much less than the 
damage sustained by other buildings 
that remain standing, with the possible 
exception of the Mitsubishi and In- 
dustrial Banks Buildings. All things 
considered our work in Tokyo has 
stood the test.” 


A complete index of Volume IV 
will appear in the last of this issue. 
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\ MECHANICS TOOLS, TAPES, RULES 


All of sup Mor Quality and of interest 


to every Progressive Mechanic 


a THE [UFKIN fpuLe (0. 4c 


Cat. No. 2— Small Tools 


INAW, MICH. 
NEW YORK 
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Cuts the Cost 
of Blasting 


HE use of AMMITE in cold weather con- 
struction work means greater efficiency at 
less expense. AMMITE will not freeze, which 
means a saving of the time and labor ordinarily 
lost through thawing. The various grades of 
AMMITE are intended to meet all kinds of blast- 
ing problems. The Atlas Service Man will tell 
you the grade needed for your work. Write 
, nearest Branch. 


ATLAS 


AM MITE 


— cannot freeze — 
ATLAS POWDER COMPANY 


A proper explosive for 
every blasting requirement 


WILMINGTON, DELAWARE 


Branch Offices: 
McAlester, Okla.; New 
Orleans, La.; New York 
City, N. Y.; Norristown. 
Pa.; Philadelphia, Pa.; 
Pittsburg, Kans.; Pitts- 
burgh, Pa.; Pottsville, 
Pa.: St. Louis, Mo.; 
Wilkes-Barre, Pa. 


Branch Offices: 
Allentown, Pa.; Bir- 
mingham, Ala.; Boston, 
Mass.; Charleston, 

W. Va.; Chicago, IIL; 
Des Moines, lowa; ~ 
Houghton, Mich.; Jop- 
lin, Mo.; Kansas City, 
Mo.; Knoxville, Tenn.; 


When Your Signal Circuits are in 
Danger from High Tension 
Transmissions 


Install 
VAC-M 


Lightning Arresters 


Don’t trust to luck any 
longer. 


Write us for full 
particulars. 


National Electric Specialty Co. 
Toledo, Ohio 
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The Difference 2 we 
Between “Bushings” 
and BUNTING. 
Bushing Bearings 


HERE was a touch of black 

magic in the making of bronze 
bushing bearings when William Bunt- 
ing poured his first molds sixty-two 
years ago. 

He carried the formulas for his 
alloys in his head and in a little 
memorandum book which was never 
out of his possession. He gained his 
knowledge through years of patient 
endeavor, successes and failures. 

Today his three sons and their sons 
manufacture Bunting Bushing Bear- 
ings in a great plant that gives scien- 
tific precision to the unique and 
exclusive methods originated by three 
generations of one family working 
constantly at one specific task. 

Sixty-two years of progress are 
built into every one of the millions 
of Bunting Bushing Bearings going 
into mechanical industry today. The 
records, statistics, observations, tests 
and experiences of over a half century 
are reflected in the operation of a 
plant that admittedly stands alone 
in the quality of its product, the 
scope of its service and the efficiency 
of its methods. “4 


THE BUNTING BRASS 
& BRONZE COMPANY 
TOLEDO, OHIO 


Branches and Warehouses a 


New York Philadelphi 
245 West 54th Sireet 1330 po 
Circle 0844 Spruce 6296 
Chicago 


722 South Michigan Avenue 
Wabash 9153 
San Francisco 


Boston 
198 Second Street 36 Oliver Street 





Douglas 6245 Main 8478 
Cleveland 
710 St. Clair Avenue N. E. 
Main 6991 





BUNTIN Girssincs 





378 THE TECH ENGINEERING NEWS March, 1924 


COPPER IN MODERN STEELS 


found to withstand the exacting de- 
mands made upon them better if 
copper and nickel are constituents of 
the steel. Shafting of copper steel 
has met numerous specifications. For 
long periods rails have been made of 
steel bearing copper and have been 
found to be very desirable in service. 
Boiler plate of copper steel has notice- 
ably outlasted plate of simple carbon 
steel. In the course of years there 
have been many failures of steels 
reported but records show surprisingly 
few if any causes of dissatisfaction to 
be due to copper as a constituent. 
Adequate homage must be paid to 
the exceptional resistance of copper 
steel to corrosion but, notwithstanding 
the factor of hardness, has had to be 
satisfied in all cases. These conclu- 


(Continued from page 353) 


sions have not been founded on any 
limited series of tests. They are the 
fruits of years of experience in the 
manufacture of millions of tons of 
copper steels. It is quite certain that 
any detrimental influence of copper 
would have been discovered in the 
many investigations which have been 
made into the mechanical properties 
of this particular class of steels. 

In this presentation and review of 
the effect of copper on the hardness of 
steels an attempt has been made to 
associate the purely theoretical con- 
ception of hardness with that property 
as it is measured by physical testing 
and which is so intimately connected 
with the industrial success of steels. 
Through the medium of the theory 
there exists a simple relation between 


STARK WEATHER & BROADHURST, Inc. 


Engineers and Contractors 
for 
Power Plant Apparatus 


TELEPHONE CONGRESS 1810 


“OKOCORD™ 


(An Okonite Product) 


UNKINKABLE, 
OILPROOF, 
TOUGH 


OKOCORD, our new, 
plain rubber flexible cord, 
can be dragged through 
rough, wet or oily places 
and subjected 
toseverest usage 

without deter- 

ioration. 





Sales Offices — NEW YORK 
Agents 


Founded 1878 
Incorporated 1884 
Centrz! Electri: Co., Chicago, Ill. 
Pettingeil-Andrews Co., Boston, Mass. 


THE OKONITE COMPANY 
Passaic, N. J. 


ATLANTA 


The F. D. Lawrence Electric Co., Cincinnati, Ohio 
Novelty Electric Co., Philadelphia, Pa. 





79 MILK STREET, BOSTON 











SAN FRANCISCO 





| Tue full, rich tones of the opera, |f 

the soft cadence of the violin, or ff 
|| the pure quality of the human 
A) voice are faithfully reproduced in ff 


copper and hardness. Physical testing 
verifies the theoretical conception but 
the connection between copper and 
hardness is less distinct to see. In 
industrial applications of steels the 
property of hardness as affected by 
copper is even more difficult to discern. 
Nevertheless, there is a similar rela- 
tion which persists through each of 
these three separate considerations 
and that relation sustains the idea 
that copper in small percentages has 
the effect of making steel harder. 


Sc 


The Results of a study of the low- 
temperature carbonization of the Pitts- 
burgh and Upper Kittanning coals, 
made by the Department of the In- 
terior in codperation with the Carnegie 
Institute of Technology at the Pitts- 
burgh Experiment Station of the 
Bureau of Mines, indicate that the 
regular Pittsburgh bed coal is a good 
low-temperature coking coal. When 
carbonized at 550 degrees C. in a 
stationary vertical retort it will yield 
33 to 35 gallons of tar, 3,500 cubic 
feet of 600 b. t. u. gas, 1,400 of 10 
per cent volatile coke, and 6 to 8 pounds 
of ammonium sulphate per ton. 





the volume best suited to 
your living room by 


KNOTT’S 
LOUD SPEAKER, 


$32.50 
Ask your dealer or address 








L. E. KNOTT 
APPARATUS COMPANY @ 
Cambridge, Mass. 
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Allentown, Pa. 


Buffalo, N. Y. 






Birmingham, Ala. 


Chattanooga, Tenn. 





Ask your Librarian for Vol. 
14 of Catalogue Studies 
to get complete informa- 
tion about the most eco- 
nomical and efficient use of 
explosives. 


i aa i 


1 | #)| Catalogue Studies 


Mt 
, he () NOW LEDGE of the use of explo- 


sives is an essential part of the training of every en- 
gineer. This knowledge is at your disposal in Vol. 
14 of Catalogue Studies —a series of books contain- 
ing the technical literature of the leading manu- 
facturers of the country. If you are not already 
familiar with it, ask your college librarian. 





| 











Vol. 14 contains ten authoritative text-books (as shown in the illus- 
trations on this page), published by the Hercules Powder Co., 
which tell in detail, with illustrations and diagrams, how, when and 
where to use various explosives most economically and efficiently 
and explain the development of dynamite from its origin to the 
present day. 


The booklet on Fitation is especially interesting to mining engi- 
neering students who wish to know about the concentration of 
ore by ‘ne use of flotation oils. 


In the booklet entitled Hercules Explosives and Blasting Supplies you 
will find a complete list of Hercules publications to date, any of 
which will be sent you on request. Furthermore, if there is any 
special subject connected with blasting which is not fully covered 
in these books, The Hercules Powder Company Library will gladly 
furnish you with a bibliography on receipt of your letter addressed 
to 941 King Street, Wilmington, Delaware. 
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Duluth, Minn. 


Hazleton, Pa. 
Huntington, W. Va. 
Joplin, Mo. 

Los Angeles, Calif. 
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Louisville, Ky. 
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Vol. 14 of Catalogue Studies contains: 
‘Eliminating Waste in, Blasting’’, ‘‘Sci- 
entific Quarry Blasting’, ‘“The Scientific 
Selection of Explosives for Coal Mining’’, 
*‘Shot-firing by Electricity’, “Land Clear- 
ing and Wood Utilization by Distillation’’, 
*“Hercules Explosives and Blasting Sup- 
plies’’, ‘‘Flotation—A Brief Survey’’, 
‘Hercules Galvanometers and Rheostats 
with Instructions for Their Use’’, **D 
mite—the New Aladdins Lamp’ re *‘Land 
Development.’”’ 





Pittsburgh, Pa. Salt Lake City, Utah 

Pottsville, Pa. San Francisco, Calif. 

St. Louis, Mo. Wilkes-Barre, Pu. 
Wilmington, Del. 
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he may find more opportunity to however, that the occupation of selling 
acquire irregular or questionable requires just as definite qualities of 
habits, but a good man can easily fitness. Your biggest earning power 
stand that test. As to the matter of can only be exerted in the kind of work 
brains, the more, the better, but good that you best fit. 

judgment and common sense and atilalii 

straight thinking are more needful 


than genius. Above all things, known HIGH SPEED CAMERA 


; your product and its uses. Be a (Ceisdieaadl Rank wank 204 
JIB CRANES are operated more rapidly student of the economics of your ies “ 
when equipped with business. Make yourself so interesting bends the shaft forward just before 


and so helpful to the purchaser that the club touches the ball, that is on 


AUBURN BALL you will naturally prevail over your the downward stroke the club shaft 


competitors. It will surprise you how 18 bent backward, but as it nears the 
THRUST BEARINGS many of them will let you do it. ball the shaft is bent in the opposite 
So it gets back of the first question. direction, that is, toward the ball. _ 
Are you to be an engineer or a com- But doubtless the most interesting 
mercial man, or perhaps a salesman in ‘Subject which has been made with 


an engineering business? Some en- this camera so far is the flight of 
AUBURN BALL BEARING CO. gineers are good business men, and Pigeons released from a basket. A 


“ [[gah]>) ROCHESTER are better engineers for it. And in study of this subject revealed that 
Elizabeth Oma) nA an engineering business, at least, it the pigeon’s wings touch above his 
ey would be hard to exercise good business back and also around in front of him. 

judgment without having sound en- ‘The movement is much more like a 
gineering knowledge. But a man SWimming stroke than the popular 
usually excels in one direction or the conception of a flying stroke. It was 
other. If vour talents and taste lie also noted that on the back stroke 
toward engineering, don’t treat them the bones of the wings are bent at 
lightly, for it is a great profession, "ght angles, while on the forward- 
and worthy of anyone’s ambition if downward stroke the bones are straight 
he can excel in it. It is no less true, from the body. An examination of 
the behavior of the feathers disclosed 
a very strong lifting propelling force 
at the trailing edge of the tip of the 


W. A. WOOD COMPANY wings. Much better observed in mo- 


Established 1868 tion pictures than in “still”’. 


373 ATLANTIC AVENUE, BOSTON, MASS. Doubtless there are many every- 


day activities all about us which 
“The Right Oil for the Right Place” would be worthy of more detail study. 
oe 


Write for loose-leaf Data Sheets 





With more than a half century of practical experience in 
London to Paris Air Service has 
been put on a strictly “pay as you 


adjusting oils to the special conditions under which they are 
to be used in individual plants. ride” basis. The airplanes are to be 
W.A WOOD COMPANY equipped with taxi-meters which will 

. : operate on a fare of two shillings per 

373 ATLANTIC AVENUE BOSTON, MASS. mile. At this cost the clock will show 

a fare of about thirty-five dollars for 


each of three passengers travelling 
from London to Paris. 


Lubricating Oils and Greases for all purposes Perfection Motor Oils 





WILLIAM T. REED CO. 


Building Construction 







200 DEVONSHIRE STREET, BOSTON 






We are organized and equipped for the efficient handling of 
mercantile and industrial building construction 
of all descriptions 







Formerly New England Concrete Construction Company 
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| HIGH POWER 


The Wright T-3 Aeronautical Engine has 
the highest guaranteed horse power of any 
Ys) engine now in series production through- 
' & out the world. 





is acomfortable margin still in reserve that 


| In excess of this guaranteed power there 
\ is always immediately available. 


J This organization in bringing the model T 
y engines up to their remarkable performance 
] have been careful to take other stresses and 
) i strains induced by high power into consid- 
i eration when completing design. 

P Thus are careful judgments in correct 
\ aeronautical engineering practice a part of 
4 the heritage of the Wright Aeronautical 
. Corporation. 


\ WRIGHT AERONAUTICAL CORPORATION 
vi Paterson, New Jersey, U. S. A. 





“The 
Identification of 
I ncomparable 


Service”’ 4 rh. 
< i “ 
¢ " as \ 
Z ; . 





The Wright heavy duty T engine 
installedin a U. S. Navy torpedo 
planeincreased the power by about 
150H.P. This increased the service 
ceiling almost 90%, the rate of 


climb and take off 30% and the 


x : . RATINGS 

q high speed over 10 miles per hour. T-2 

The flight radius remained practi- 525 H. P. heavy duty 
cally the same but the flying —— lbs. 
Ris ‘ = bd a 
characteristics were greatly im 550 H. P. heavy duty 
proved due tothe reserve power. 650 H. P. high speed 


a Weight 1160 lbs. 
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THE MOST PROBABLE WORLD 


probably occur with the greatest 
frequency in a given number of trials. 
If the events are not purely random, 
the frequency curve will be symmet- 
rically or unsymmetrically warped 
(skew), and of a certain definite type 
depending on the antecedent character 
of the data. 

Again, if the events be weighted, 
as the dice are loaded in a crooked 
crap game, the event most likely 
to occur either simultaneously or 
most frequently, will have a marked 


Selected Grades 


Anthracite 


and 


Bituminous 


COAL 


BURTON - FURBER 


COAL COMPANY 


50 CONGRESS STREET 
BOSTON 





Ree engineer should know APOLLO Best Bloom and 
Apollo-Keystone Galvanized Sheets, American Bessemer 
and Open Hearth Steel Sheets; and Keystone Copper Steel 
Rust-resisting Black and Galvanized 











il 


We manufacture SHEET AND TIN MILL PRODUCTS for all pur- 
- poses— Black Sheets, Galvanized Sheets, 
Corrugated Sheets, Formed Roofing and 
Siding Products, Galvanized Tank, Oul- 
vert and Flume Stock, Special Sheets 
for stamping, Stove and Range Sheets, 
Automobile Sheets, Electrical Sheets, 
Roofing Tin Plates, Bright Tin Plates 
Black Plate, Etc. Sold by leading metal 
merchants. KEYSTONE quality is of par- 
ticular interest to you. Send forbooklet. 


AMERICAN SHEET AND TIN PLATE COMPANY, Frick Bidg., Pittsburgh, Pa. 
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preponderance. This fact may be 
illustrated by the series of symmet- 
rically warped curves shown in Fig. 
3. These curves may also be skew, 
and, in most actual cases will be so. 
Finally, the curve becomes a straight 
line, A-B, perpendicular to the axis 
of ordinates, and means that all the 
events of this class are likely to occur 
either simultaneously or to be alike. 

We may look on all the well es- 
tablished laws of physics as describing 
classes of events having this last type. 
Needless to say, events of this type 
are rare in our whole possible ex- 
perience of the world in time and in 
space, and insofar physics essays to 
describe a particular and limited order 
of the entire behavior of things. 
Indeed it may be true that there are 
no cases of this type, and that we have 
mistaken a very marked probability 
for a certainty. 

The totality of all the possible or 
probable cases falling within the 
scope of a law of physics may be 
visualized as the area under the 
appropriate frequency curve, and 
which represents all the actual and 
ideal cases. This area is_ properly 
described in mathematical terms as 
an infinite series, the principal term 
of which covers the most probable 
case so well illustrated in the Mende- 
lian law of heredity. But the law 
of heredity, precisely as in the case of 
any other frequency distribution, is 
of the discontinuous character illus- 
trated by the graph in Fig. 1, and 
not of the ideal continuous form shown 
in Figs. 2 and 3 which take into 
account all possible cases, measurable 
and incommensurable, real and ideal, 
and therefore assume a_ continuity 
of the data which, in no real case, does 
it possess. The discontinuities in 
Fig. 1 result from the essential dis- 
creteness of the given data. 

It remained for Planck to point 
out that a similar discreteness must 








exist in the data from which any law 
of physics is deduced. Thus, if the 
distribution of energy among, or its 
emission by, the electrons, atoms or 
molecules of any substance is to be 
computed from the standpoint of 
probabilities, then the subdivision of 
this energy, like the facets of a 
polyhedron, must have an_ ultimate 
fineness, and must appear only in 
discrete quantities. These Planck 
called energy quanta. On whatever the 
ultimate subdivision of energy into 
such quanta actually depends, the 
result of this seemingly obvious con- 
clusion has been to release physical 
theory from the bonds of continuity, 
precisely as the recent work of the 
great arithmeticans, Peano, Dedekind, 
Cantor, Russell and others has liberated 
mathematics from the trammels of 
false notions as to the meaning of 
zero and infinity. 

From this point of view, the law of 
inverse squares may be looked upon 
as the first and most important terms 
in a series, of which the remaining 
terms, and perhaps only one or two 
of them, so far as our ordinary ex- 
perience of things goes, may become 
of importance, under conditions very 
special in relation to those ordinary 
events to which the first term applies 
satisfactorily. Thus, other terms may 
come in when the distance between 
the mass centers is either extremely 
small or extremely great, relatively 
to those cases for which the law was 
originally developed. The electron 
theory of atomic structure as given 
by J. J. Thomson, and Einstein’s 
theory of gravitations are alike in this, 
that both contemplate the addition 
of further terms to the mathematical 
expression of the law of force forming 
the basis of Newtonian dynamics. 
Indeed it is obvious that unless we 
find that mass is not associated with 
substance, in the end, the law of 
universe squares must prove to be 
an approximation. The law assumes 
the existence of point-masses, but 
every possible mass must actually 
occupy a definite amount of space, 
A mass cannot be concentrated at a 
point, for a point is of no dimensions. 
Therefore, the error in considering a 
mass as concentrated at a point will 
be of the second order and insignificant 
only when the measured check of the 
implications of the assumption is 
made at a considerable distance from 
the point relative to the dimensions 
of the space actually occupied by the 
mass. In his “Geometrical Theory of 
Radiating Surfaces,” (Bureau of Stan- 
dards Bulletin, Vol. 3, Number 1) E. 
P. Hyde has shown that the error 

(Continued on page 384) 
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BRINGING MORE DAYLIGHT INTO INDUSTRIAL 
BUILDINGS. 


Dr. George M. Price, writing on “The Importance of 
Light in Factories,” in “The Modern Factory,” states: 
“Light is an essential working condition in all industrial 
establishments, and is also of paramount influence in the 
preservation of the health of the workers. There is no 
condition within industrial establishments to which so 
little attention is given as proper lighting and illumination. 
Especially is this the case in many of the factories in the 
United States. A prominent investigator, who had exten- 
sive opportunities to make observations of industrial es- 
tablishments in Europe as well as in America, states: “I 
have seen so many mills and other works miserably 
lighted, that bad light is the most conspicuous and general 
defect of American factory premises.” 


“My own investigations for the New York State Fac- 
tory Commission support this view. In these investigations 
it was found that 36.7% of the laundries inspected, 49.2% 
of the candy factories, 48.4% of the printing places, 50% 
of the chemical establishments, were inadequately lighted. 
There was hardly a trade investigated without finding a 
large number of inadequately lighted establishments.” 


Inadequate and defective lighting of industrial build- 
ings is not confined to the establishments in New York 
State alone. The same conditions prevail in most sections 
of the country. 

Such conditions as mentioned above are entirely op- 
posed to the laws of health, sanitation and efficiency. 
Wherever poor lighting conditions prevail, there must be 
a corresponding loss of efficiency and output both in qual- 
ity and in quantity. American industry is not using nearly 
enough daylight and sunlight in its buildings. Every 
endeavor should be made to use as much as possible of 
daylight for lighting purposes. To obtain this it is of 
course necessary that the rays of daylight and sunlight 
are permitted 1o enter the interior of the buildings as 
freely as possible, with the important modification that 
the direct rays of the sun must be properly diffused to 
prevent glare and eyestrain. A glass especially made for 
this purpose is known as Factrolite, and is recommended 
for the windows of industrial plants. Windows should be 
kept clean if the maximum amount of daylight is to pass 
through the glass, but the effort will be well repaid by. 
the benefits secured. 


In the presence of poor lighting, we cannot expect 
men to work with the same enthusiasm as when a well 
lighted working place has been provided. The physical 
surroundings have a deep effect upon the sentiments of 
the employes, and where bad working conditions are al- 
lowed to prevail, there is invariably a lessening of morale 
and satisfaction created thereby. Neglecting to utilize 
what nature has so bounteously provided, daylight, and 
which is so essential toward industrial efficiency, we have 
an instance of wastefulness, but now that the importance 
of good lighting is becoming recognized, undoubtedly more 
attention will be given by progressive industrial employ- 
ers to furnishing the means which are essential for their 
workers to secure and maintain the efficiency, which counts 
for so much in the success of any industrial concern in this 
competitive age. 

If you are interested in the distribution of light 
through Factrolite, we will send you a copy of Laboratory 
Report—“Factrolited.” 


MISSISSIPPI WIRE GLASS CO, 
220 Fifth Avenue, 


St. Louis. New York, Chicago. 
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Good Friends 


from now on 


gree os good news at the plant. The pro- 
duction engineer and the chief inspector 
have buried the hatchet—their feud is ended 
—and all because of Ground-Form Cutters. 


For months Jones, the engineer, thought 
that big Mac, the chiefinspector, was rejecting 
gears in order to give production a black eye. 


“They're good gears, Mac,” protested 
Jones. “What’s the matter with them?” 


“Sure they’re good, if you take them one 
by one,” replied Mac, “but in big lots they’re 
not uniform enough to pass inspection.” 


And so the war began; Mac grew more 
careful, and Jones felt sure that Mac hada 
personal grudge against him. 


Then Jones discovered Brown & Sharpe 
Ground-Form Gear Cutters. He heard that 
they would increase production and at the 
same time improve the quality of his gears. 
He tried a few. Now, all his gear cutting 
machines are equipped with Ground-Form 
Gear Cutters, 


Mac and Jones are good friends now. 
Gears come through faster than ever and 
rejections are few and far 
between. 


Here is the booklet that 
proved so valuable to Jones. 
You can avoid his difficulties 
by getting acquainted with 
Ground-Form Cutters be- 
fore the full responsibility 
of production falls on your 
shoulders. Write today for 
your copy of this instruc- 
tive booklet. 


BROWN & SHARPE MEG. CO. 
Providence, R.I., U.S.A. 


Manufacturers of 


Milling — Grinding — Gear Cutting — Screw Machines 
Cutters and Hobs Machinists’ Tools 
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THE MOST PROBABLE WORLD 


introduced by assuming a radiating 
circular source to be equivalent to a 
radiating point is reduced to approxi- 
mately 1.0% only, when the distance 
measured normally from the center of 
the source is five times its radius. 

The point to get into your mind is 
that laws of physics are only prob- 
ably true and not certainly true, 
just as the theorems of Euclidian 
geometry are true in a space of the 
kind defined by the Euclidian postu- 
lates, so the law of physics is true only 
for a world whose fundamental physical 
nature is as assumed and set up as 
a postulate for theoretical physics. 
The danger is, that habitual thinking 
in accordance with such laws may 
induce a sort of mental sclerosis that 
inhibits progress. Our assumption 








BUFF ‘Instruments 


save time -— error and calculation 


Engineers and contractors know 
that BUFF performance is accu- 
rate and sure—on all sorts of 
work from running location lines 
to giving “neat lines’ on impor- 
tant bridge work—without having 
to adjust the transit once. 


Write for the BUFF Catalog 


Buff & Buff Mfg. Co. 


Jamaica Plain, Mass. 


BUF fF 

















(Continued from page 382) 


that physical space is Euclidian be- 
comes a fixed conviction. It seems 
necessary to us that the physical 
world be a mere counterpart or definite 
embodiment of the commonly accepted 
physical theory. 

The systematic analysis and dis- 
cussion of probabilities, the so called 
calculus of probabilities, is misnamed. 
It is the most accurate method of 
calculation known. Actually it is the 
only method of calculation that takes 
for its postulates the more or less 
random character of the phenomena 
which, from craps to astronomy, make 
up the detail of this world. It 
assumes nothing as fixed, given, or 
absolute, and in this, if our argument 
has carried conviction, the formulz 
of probabilities are very descriptive of 
the world’s behavior. It is the most 
probable world. 


=e 


Shock from “B” Batteries. There 
is ample current capacity in dry cell 
batteries to produce a fatal shock, but 
ordinarily the voltage is not sufficient 
to force this fatal shock through the 
body. Some “B” batteries, however, 
have as high as three hundred and 
fifty volts which would cause a severe 
and possibly a fatal shock to anyone 
coming in contact with both main 
terminals when making or breaking 
the connection. 


Directive Type of Radio Beacon. 
Recently an airplane flew to Dayton 
from a point a hundred miles away, 
the pilot depending for guidance 
entirely upon the signals received 
from a new type of radio beacon. 
In his receiver he heard the letters 
A and T repeated over and over. 
As long as he flew along the correct 
course both letters were equally loud, 
but the moment he got off the course 
to one side or the other one letter 
became noticeably louder than the 
other and showed him which way to 
turn to get back. An ordinary airplane 
receiving set was used. 

This beacon, which was developed 
by the Bureau of Standards, consists 
of two coil antennas placed so as to 
cross each other at an angle of 135 
degrees. Each consisted of a single 
turn of wire 100 feet long and 50 feet 
high. The transmitting set is auto- 
matically connected first to one and 
then to the other, one letter of the 
signal being sent over each. The 
signal from an antenna of this type 
varies from a maximum in the plane 
of the coil to almost zero at right 
angles. A receiving set located along 
the line bisecting the angle between 
the coils will therefore receive signals 
of equal intensity from both, and the 
ship or airplane carrying the receiving 
set can thus be guided along this line 
in either direction, and without regard 
to conditions of visibility. 








Established 1870 


77 SUMMER STREET 





Incorporated 1890 


THE WARREN SOAP 
MANUFACTURING COMPANY 


Textile Soaps 


BOSTON, MASSACHUSETTS 
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TradeMark Registered U. S. Patent Office 


Made of extra quality cotton yarn, carefully inspected and guaranteed free from all imperfections of braid or finish. The colored spots 


are our trade-mark, used 


only with this quality. 


We make braided cord of all sizes, kinds and colors, for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc 
lamp cord, and many special cords for srecial purposes. 
CATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 


SAMSON CORDAGE WORKS 


88 Broad Street, Boston 9, Mass. 
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Au *»good intentions 

won’tpaveamodern 
street to resist modern traffic. 
That job demands tough, husky, 
durable vitrified paving brick. 
Just tuck these two facts away 
in the back of your mind for use 
after graduation—first, that no 
brick pavement ever wore out 
from the top down; second, 
that the great majority of all the 
pavements you Know that are 
older than you are, are of vitri- 
fied brick. Don’t let yourself be 
talked into substitutes— insist 
on vitrified brick pavements. 


A complete handbook, “THE 
CONSTRUCTION OF BRICK 
PAVEMENTS,” free on request. 


NATIONAL PAVING BRICK 
MANUFACTURERS ASSOCIATION 
ENGINEERS BLDG. - CLEVELAND, OHIO 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


coaainge- 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers courses 
each of four years’ duration, in Civil, Mechanical and Electrical Engineering; 
Naval Architecture and Marine Engineering; Mining Engineering and Metallurgy, 
and Geology and Geological Engineering; Architecture and Architectural Engi- 
neering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health, and Sanitary Engineering; Physics, General Science 
and General Engineering: and in Engineering Administration. These courses 
lead to the Degree of Bachelor of Science. 


To be admitted to the first year class, applicants must have attained the 
age of seventeen years, and must satisfactorily fulfill entrance requirements in 
Algebra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, 
History, and French or German and one elective subject. Examinations are 
required in all subjects except Chemistry, History and the elective, the require- 
ments for which are fulfilled by the presentation of satisfactory certificates. A 
division of these entrance subjects between different examination periods is 


permitted. 

Entrance examinations are held at the Institute in September. In June, 
applicants will be examined by the College Entrance Examination Board in Boston, 
New York, Philadelphia, Chicago, and many other cities in America and Europe. 
A circular stating times and places is issued in advance by the College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in general 
all applicants presenting satisfactory certificates showing work done at another 
college corresponding to at least one year’s work at the Institute, are admitted, 
without examination, to such advanced standing as is warranted by their previous 
training. 

Graduate courses leading to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy and Doctor of Science are also offered. Special 
Research Laboratories of Physical Chemistry, Applied Chemistry and Science 
have been established. 


PUBLICATIONS 


Bulletins of General Information, Courses of Study, Summer Session, 
Advanced Study and Research; and the Report of the President and the 


Treasurer. 
Any of the above-named publications will be mailed free on application. 


For information, address 


ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE 39, MASS. 


March, 1924 
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THIS PNEUMATIC CONVEYING SYSTEM 
SAVES $7,841.60 EVERY YEAR 


Four years ago the Mt. Vernon-Woodberry Mills, Inc., of 


Baltimore, installed Sturtevant pneumatic conveyors. 

These systems carry cotton at a total cost of only $.325 per bale, compared 
with $.644 when teams were used. 

The net annual saving in hauling is $6,507.60. Centralization of the 
opening and grading work has saved $1,334, or a year in labor and floor 
space, which makes the total saving $7,841.60 a year. The new method also 
insures uniformity in grading and mixing, which results in an absolutely 


uniform product. 
Here is a source of increased dividends well worth serious thought. Sturtevant 
catalog B291 tells how pneumatic conveying systems may be used in many industries. 


B. F. STURTEVANT COMPANY 


Foreign Representatives 


Sales Engineering Offices 
| mong al Montree Oo Hyde Park, Mass. Berkeley, Cal. Camden, N. J. ia oe 
Buftale, NY. New York City Sturtevant, Wis. Framingham, Mass. Galt, Ontario American patent Co, aa 
spur; a American an, 
Chicago, Ti. Portland, Ore. Catton Neill Eng and M Mach. Co. “anil 
sean? ¢ 0 


Cincinnati, Ohio Rochester, we. 
Cleveland, Ohio St. Louis, Mo. en os Co. Ltd. Wellin; 
esselhoeft and Poor 


Dallas, Tex. Salt Lake City, Utah SBT 
Detroit, Mich. San Francisco, Cal. pa “ Wesselhoeft and Poor 
Hartford, Conn Seattle, Wash. (S) . : Y, General Machinery Co. 
Indianapolis, 1 Ind. F Toronto, Ont. - Pedro Martinto Inc. Lima 
ashington, D. C. = ra & A Compania Italo- , de 
be: eo 7a v3 har Orr <a Importacion Buenos Aires 


UTSOA} 7% i] iRTO=W. oO. R K—~ “ig A. E. Barker Johannesburg 
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MICHAEL FARADAY 
1791-1867 

Apprentice toan English book- 
binder. Attracted the atten- 
tion of Sir Humphrey Davy, 
becoming his assistant. ‘“The 
greatest experimentalist of all 
times,” says one biographer. 
The electrical unit Farad was 
named for him. 


In 1880 the Edison 
Electric Illuminating 
Company, of New York 
City, installed a genera- 
tor of 1200 lamps cap- 
acity, then considered 
a giant. By continuous 
experimentation and re- 
search the General 
Electric Company has 
developed generators 
900 times as powerful 
as this wonder of forty 
years ago. 


“What’s the use of it?” 


Michael Faraday saw the real beginning 
of the age of electricity nearly a century 
ago when he thrust a bar magnet into a 
coil of wire connected with a galvanometer 
and made the needle swing. 


Gladstone, watching Faraday at work in 
his laboratory, asked, “What’s the use of 
it?” The experimenter jestingly replied, 
“There is every probability that you will 
soon be able to tax it.’”” The world-wide use 


of electricity that has followed the Faraday 
discovery abundantly justifies the retort 
to Gladstone. 


Faraday’s theory of lines of force is con- 
stantly applied in the Research Laboratories 
of the General Electric Company in de- 
vising new electrical apparatus of which 
Faraday never dreamed. Every generator 
and motor is an elaboration of the simple 
instruments with which he first discovered 
and explained induction. 


GENERAL ELECTRIC 


TECHNOLOGY PRESS, CAMBRIDGE, MASS. 








